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BXTRACT FROM PRBFACB TO FIRST BDITIOlf. 

In the development of Heating and Ventilating work, St 
la highly desirable that those cngragcd In the design and the 
installation of the apparatus be provided with a hand-book 
convenient for pocket use. Such a treatise should cover the 
entire field of heating and ventilation in a simplified form 
and should contain such tables as are commonly used in 
every day practice. This book aims to fulfill such a need and 
is intended to supplement other more specialized works. Be- 
cause of the scope of the work, its various phases could not 
be discussed exhaustively, but it is believed that all the fun- 
damental principles are . stated and applied 4n such a way as 
to be easily undejr«iaod. ;iT, Is sagij?ejit4ve«itither than diges- 
tive. The principles presented. ar.e the same as those that 
have been stated man y time's ^ktote- but the arrangement of 

r III . «. • 

the work, the applicatio^n!) ^ijtd ^he (Ic^s^gns are all original. 
Many formulas and.ru<es are nocess^r^Iy given; but it will 
be seen that, in most cases, they are developn^nts from a few 
general formulas, all of which can be readily understood and 
remembered. Practical points in constructive design have 
also been considered. However, since the principles of heat- 
ing and ventilation are founded upon fundamental thermo- 
dynamic laws, it seems best to accentuate the theoretical 
side of the work in the belief that if this is well understood, 
practical points of experience will easily follow. A pamphlet 
containing suggestions and problems for a course of instruc- 
tion in technical schools is included with every book. 

It is hoped that the material here given will be simple 
enough for the beginner and, at the same time, sufficiently 
complete and exact for the engineer with years of experience. 
If it merits the approval of the reader, or if any part is de- 
fective or imisleading, we trust that statements of criticism 
will be freely •contributed. The only way to pertecX %\>s^ 



book Is to have the good wishes and the co-operation of en- 
gineers in all branches of the work. These are solicited. 

All the standard works upon the subject have been freely 
consulted and used. In most cases where extracts are made, 
acknowledgment is given in the text. In addition to this, 
references for continued reading are quoted at the close of 
each important topic. Because of these references through- 
out the book, we do not here repeat the names of their 
authors. We wish, however, to express our sincere apprecia- 
tion of their valuable assistance. 

J. D. H. 



PREFACE TO SECOND EDITION. 

The demand tdf copied ofr tlie Mflrstf ^dtit^on of the hand- 
book was so greaf" &s^ to *m&ke & second^ edition necessary 
within the second year^att^r p\JbliiJai:iOji of the first edition. 
A few corrections wera'^rfiadfe"'.oyi",tiie ftrst edition and all 
the material has beeo-r^is^ to^ brlqg It up to date. The 
work on air conditioifin&3jSi»*^lje^ii amplified. The descrip- 
tions of hot water and steam heating have been improved 
by diagrams^of the various piping systems. Two chapters 
have been added on refrigeration and many tables have 
been added in the Appendix. Many suggestions have come 
from men in practice and these suggestions have been con- 
sidered, thus enlarging upon the practical side and the ap- 
plications. It is believed now that every subject discussed 
within the "scope of the book has been revised to meet the 
present state of the science. 

Lincoln, Neb. J. D. H. 
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CHAPTER I. 



HBAT— ITS NATVRB, GBNBRATIOlf , ITSB, MBASVRBMBNT 

AND TRANSMISSION. 



1. iBtrodacioryt — In all localities where the atmosphere 
drops in temperature much below 60 dcgrrees Fahrenheit, 
thore is created a demand for the artificial heating: of build- 
ings. As the buildingrs have grown in size and complexity 
of construction, so also this demand has grown in extent 
and preciseness, with the general result that from the 
antiquated open fire-place and iron stove, there has devel- 
oped a science growing richer each day from inventive 
genius and manufacturing technique — the science of the 
Heating and Ventilating of Buildings. The purpose of this 
hand-book shall be to outline, concisely, the fundamental 
principles and practical applications of this science in its 
various branches. 

To the heating engineer of to-day, It may be that the 
exact nature of heat itself is of much less moment than 
its generation and transmission, but this fact should be 
impressed, — that heat is one form of energy, that it cannot 
be created except by conversion from some other form, and 
that it is infallibly obedient to certain physical laws and 
principles. 

In generating heat to-day for heating purposes, the 
almost universal method is combustion. The union of such 
substances as coal, wood or peat with the oxygen of the 
air is always attended by a liberation of heat derived from 
the chemical action of the combination; and this heat is 
carried by some common catrier, such as air, water or 
steam, to the building or room to be heated where it is given 
off by the natural cooling process. In some instances this 
heat is converted into electrical energy, which is carried by 
wire to the place of use and given off by passing through a 
set of resistance coils, which convert it into heat; but this 
method is not much favored because of its inefficien-cy and 
the resulting expense. This latter objection would not hold 
in the case of water power installation, where the combus- 
tion of fuel is entirely eliminated. 
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2. Measurement of Ilent: — In the measurement of heat, 
the most commonly accepted unit in practical engrineerinsr 
work is the British thermal unit, commonly abbreviated B. t. u., 
which may be defined as that amount of heat whldh will 
raise the temperature of one pound of pure water one de- 
gree Fahrenheit, at or near the temperature of maximum 
density, 39.1* F. (See also definition for Specific Heat). 
This unit value, the B. t. u., measures the quantity of heat, 
while the temperature measures the degree of heat. In 
equal masses of the same substance the two are propor- 
tional. The Fahrenheit is the more commonly used tem- 
perature scale, especially in steam engineering. The unit of 
this scale is derived by dividing the distance on the ther- 
mometer between the freezing point and the boiling point 
of water into 180 equal degrees, the freezing point beingr 
marked 32*, and the boiling point 212*. All temperatures In 
this work will be taken according to the Fahrenheit scale, 
and all quantities of heat expressed in British thermal units. 

There is a second unit of quantity of heat considerably 
used, especially in scientific research, known as the calorie, 
commonly abbreviated cal., and defined as that amount of 
heat which will raise one kilogram of pure water one de- 
gree Centigrade, at or near the temperature of maximum 
density, 4* C. This Centigrade is a second temperature 
scale, th« unit of which is derived by dividing the distance 
on the thermometer between the freezing point and the 
boiling point of water into 100 equal degrees, the freezing 
point being marked 0*, and the boiling point 100*. 

It is often found desirable to change the expression for 
temperature or for quantity of heat from one system of 
terms to that of the other. For this purpose the following 
formulas will be found useful: 

F=^C + S2 and C= {F—d!2)^ (1) 

where F = Fahrenheit degrees and C = Centigrade degrees. 
From these equations it may be seen that the two scales co- 
incide at but one point, — 40 degrees. For conversion of the 
quantity units the following may be used: 

1 British thermal unit = 0.252 Calorie. 
1 Calorie = 3.968 British thermal units. 

These are tor the aihsolute conversion of a certain quantity 
or heat from one system, to the other. 11, hovj^Nex, Vcv^ 
e/Teef of thi^ heat is considered upon a gWen we\«\v\. qI ^>3Xi- 
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Stai.ce and the weight also Is expresspd In the reapectlva 
Spatems, the following values hold: 

1 Calorie per klloBram = I.S British thermal units per pound. 
1 British thermal unit per pound = O.SbS Calorie per kllo- 

sram. 
For conversion tables from klloKrams to pounds and vice 
Teraa, see Suplee's Mechanical Engineering Reference Book, 
pag-e 72, or Kent's Hechanloal EnKlneera' Pocket- Book, 
page £3. 

S. HcomireBirBt »f Hlch Tem^eratarFBt — For the meas- 
urement of temperatures up to the boiling point OC mer* 




Fig. 1. 
Otiry, or approximately BOO" F„ the mercurial t 
of itroper range may be employed. It la more common, how- 
ever, to use same form of piiromeler lot tu-m^exaX-iw^p* ^Vi'^'i 
S00' F., aa when the temperalutea ol sVocVl %bswi I't ^A ^t* 
box gases are desired. Pyrotnetera are \im1\X. "i'&oti Hva.^^? ***■ 
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ferent principles, the graphite expansion stem type, shown 
in Fig. 1, sl; the thermo-electric type, shown in Fig. 1, b; or 
the Siemens water calorimeter type, shown in Fig. 1, c 
Various other methods might be mentioned, one of the best 
being temperature determination by the Seger cones, which, 
due to varying compositions, melt at different temperaturea 
A line of these numbered cones is exposed to the s-weep of 
the gases to be measured, and their temperature determined 
very closely by noting the number of the last cone which 
melts. The cones are numbered from 022 to 39 and indicate 
temperatures from 590* to 1910* F., by approximate Incre- 
ments of 20*. Fig. 1, d, shows cones 010, 09, 08 and 07, of 
which only the last is unaffected, and, from the table fur- 
nished with the cones, this indicates a temperature of 1000* F. 
4. Absolute Temperature: — In experiments that have 
been carried on with pure gases with the use of air ther- 
mometers, it has been found that air expands approximately 
Tiir °^ ^^^ volume per degree increase in temperature at 
zero F. or —^.^ of its volume at zero C. From the same 
line of reasoning, by cooling the air below zero, the reverse 
process should be equally true, that is, for each degree 
Falirenheit of cooling the volume at zero would be contract- 
ed f^jf' Evidently, then, if a volume of gas could be cooled 
to — 460* F., it would ceas« to exist. This theoretical point 
is called the absolute zero of temperature. All gases change 
to liquids or solids before this point is reached, however, and 
hence do not obey the law of contraction of gases at the very 
low temperatures. The fact that air at constant pressure 
changes its volume almost exactly in proportion to the abso- 
lute temperature, T, (460 + t, where t is temperature Fahren- 
heit) gives a starting point to be used as a basis for all air 
volume temperature calculations. For instance, if a volume 
of 20000 cubic feet be taken In at the air intake of a build- 
ing at 0*, and heated to 70*, its volume, by the heating, will 

become greater in the same proportion that its absolute tem- 

CP 530 

perature becomes greater; that Is, = ; x = 23000 

20000 460 

cubic feet, or an increase of 15 per cent. 

Gage and Absolute Pressures. — Two common ways of ex- 
pressing pressures are in use. One is denoted by the expres- 
sion pressure by gage, and refers to the total pressure in a 
container minus the pressure of one atmosphere. Thus the 
expression "65 pounds boiler pressure, by gage" means that 
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the boiler is carrying 65 pounds prcasuro, per squaro Inch of 
surface, above the pressure of the atmosphoro, which is, for 
approximate calculations, taken at the standard pressure of 
14.696 pounds per square inch. Hc'nc<\ tlio boiU-r carrlos 
within it a total pressure of 65 pounds plus 14.696 pounds or 
79.696 pounds pel square inch. This total pr<»8Suro is what 
is known as absolute prcftnure, and when stated in pounds per 
square foot of area, is called Hpcciftc pirHsuir. Llkr the volume 
of a gas, so also the absolute pressure varies directly with 
the absolute temperature, other thinKs being constant. Hence 
the equation P V = li T, where /* is the absolute pressure 
in pounds per square foot, V is the volume of one pound in 
cubic feet, T is the absolute temperature, and /? is a con- 
stant which for air is 53.22. From this equation, liavlng 
given any two of the quantities, P, T or T, the third may be 
found. In very accurate calculations where the value 14.696 
is not considered close enough, the barometer may be read, 
and its readings, in inches of mercury, multiplied by the 
constant .49, to obtain the pressure of the atmosphere in 
pounds per square inch. 

Mechanical Equivalent op Heat. — By precise experiment, it 
has been determined that, if the heat energy represented by 
one B. t. u. be changed into mechanical energy without loss, 
it would accomplish 778 foot pounds of work. Similarly, 
one calorie Is equivalent to 428 kilogrammeters. One horse- 
power of work is equivalent to the expenditure of 33000 foot 
pounds of work per minute. Hence one horse-power of 
work represents 42.416 B. t. u. per minute. 

Latent Heat. — Not all the heat applied to a body pro- 
duces change in temperature. Under certain conditions, the 
heat applied produces internal or molecular changes, and is 
called latent heat. Thus if heat Is applied to ice at the freez- 
ing point, no rise of temperature Is noted until all the ice 
is melted; and again, heat applied to water at boiling point 
does not raise the temperature, but changes the water into 
steam. The first is called latent heat of fusion, and for 
ice is 142 B. t. u. per pound, while the latter is called latent 
heat of evaporation, and for water is 969.7 B. t. u. per pound. 

Specific Heat. — The ratio of the quantity of heat required 
to raise the temperature of a substance one degree, to that 
required to raise the temperature of the same weight of 
pure water one degree from the temperature of its maxi- 
mum density, 39.1 degrees, is commonly called the spectre 
heat of the substance. The above is the accepted TM\fe ^tcvqxv% 
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physlcl&ts. This, however, has been modified by ensrineering 
practice so that tlic statonicnt spvvific heat of water is now 
understood to moan the avorago speciiic heat of water be- 
tween 32 dogrecs and 212 dcgreefl. (Amount of hea^ neces- 
sary to raise one pound of water from 32 degrees P. to 212 
degrees F.) -r- 180 = 1 approximately. Table 24. Appendix, 
gives specific heats of substances. • 

5. liadlatlon. Conduction and Convection: — The tranfmiS' 
sion of heat, next to Its generation, forms an item of vital 
interest to the heating onglne^tir, for different forms of heat- 
ing installations are based fundamentally on the different 
ways In which heat is transmitted. These ways are usually 
quoted as being three in number — radiation, conduction and 
convection. 

Radiation. — This transmission of heat occurs as a wave 
motion in the ether of space, and is the way by which the 
heat of the sun reaches the earth. Heat of this form, usu- 
ally referred to as radiant heat, requires no matter for its 
conveyance, passes through some materials, notably rock- 
salt, without cliange or appreciaJble loss, and travels, as does 
light, at the rate of 18GO00 miles per second. In the combus- 
tion of fuel the radiant heat given off to the surrounding 
metal from the rays of tlie flr(» Is no doubt of much greater 
value than has ever been credited to it. We are Indebted 
to the noted French physicist, L. Ser, who followed Peclet 
in his experiments in radiant heat In fire box boilers, for a 
very valua])le amount of information. It is to be hoped 
that further experimentation may soon see the relation be- 
tween the "heat radiated from tlio incandescent surface of 
the fuel" and the "sensible heat in the escaping gases." 
This would bo of great value to those engaged in the design 
and operation of boiler furnaces. 

CoNDucTiov. — The second method of transmission Is more 
commonly evident to the senses. If a rod of metal is heat- 
ed at one end, it is known tliat the lieat is transferred, or 
conducted, along the rod until the other end becomes heated 
also. Conduction being, essentially, the way by which solids 
transfer heat, is hence of speci^il significance in the calcu- 
lation of heat losses through tlie walls of a building. Rel- 
ative conductivity of a substance may be defined as the quantity 
of heat which passes through a unit thickness of the sub- 
Btance in a unit ot iUwi} across a un\t ol aurtoLe^i ol tVv^i sub- 
stance, tho differ vnca of temperature belwev^iv 1\\^^ \.v«o «\^^i^ 
of tlie substance being- one unit of U\c U\ttT\xvoYi\vi\.x\.<i ^^<q\« 
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Fig. 2. 



employed. Since the connplexlty of our buildlngr construc- 
tions renders it obviously impossible to reduce all losses to 
losses per unit thickness of the structure, we are not per- 
mitted to use the term "relative conductivity" but another 
term, i. e., "transmission constant," or rate of tninnmiMtfion. 
Thrus Table FV, pagre 40, the rate of transmission A', ^Iven 
for a 6 inch studded frame wall, is .25 B. t. u. per square 
foot of surface per degree difference of temperature for one 
hour. It is readily seen that this table Is the basis for the 
heat loss calculations of buildings. 

CoxAT!CTioy. — Gases and liquids convey heat 
most readily by this method, which is funda- 
mental with hot air and hot water heating 
installations. If It is attempted to heat a 
body of water by applying heat to its upper 
surface, it will be found to warm up with 
extreme slowness. If, however, the source of 
heat be applied below the body of water as 
in Fig. 2, it will be found to heat rapidly, the 
water being distributed by circulating cur- 
rents having more or less force, and follow- 
ing, in general, the direction shown by the ar- 
rows. What actually happens Is this: — water 
particles near the source of heat become lighter, 
volume for volume, than the colder particles 
near the top; then, because of the change in 
density, gravity causes an exchange of these 
particles, drawing the heavier to the bottom and 
allowing the heated and lighter particles to rise 
to the top, thus forming the circulation currents. 
This process is known as convection. It will 
never occur unless the medium expands con- 
siderably upon being heated, and unless the 
force of gravity is free to establish circulating 
currents. The hot water heating system may. 
be considered merely as a body of water, Fig. 3, 
furnished with proper pipe circuits. When 
heated at one point, the water rises by convec- 
tion to the radiators, is there cooled, hence be- 
comes heavier, and descends by the return cir- 
cuit to the point ot heat app\lQaUC>TV, \.Vv\ia <i,Qrsv^VeUtve the 
circuit. The warm air furnace \nata\\a,X\oxv ^Q^>R-"s> ^\\«v\\sy.x\^, 
air, however, 1;>^ing the heat-caTTy\i\s m^^\>xwv. 




Fig. 3. 
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AIR COMPOSITION — VENTILATION HUMIDITY. 



6. Composition of Atmospheric AIrt — The subject of 
ventilation as applied to buildings would naturally be in- 
troduced by a brief consideration of the properties of the 
air supplied. This supply is a very important factor as re- 
grards both quality and quantity. In addition to its value 
as a heating medium, it determines, in a large measure, the 
health of the occupants of the building. 

The human body may be considered as a well equipped 
and very complex power plant. As the carbon, hydro- 
gen and oxygen In the fuel and air supply in any mechan- 
ical power plant are consumed in the furnace, the resulting 
heat absorbed in the generating system and finally turned 
into work through the attached mechanisms, so the human 
body in a similar way, but at a much slower rate, absorbs 
the heat of combustion and turns it into work. The prod- 
ucts of combustion in both cases are largely carbon dioxide 
and water. The chief requisites of the mechanical plant 
are good fuel, good draft and good stoking. Similarly, the 
human body needs pure food, pure air and healthful exer- 
cise. Of the three, the second is probably of the greatest 
Importance, since no person can keep in health with im- 
pure air, even though accompanied with the best of food 
and plenty of exercise. 

Air, to the average person, is made up of two elements, 
oxygen and nitrogen, in the volume ratio of about 20.9 to 
79.1 and a density ratio of about 23,1 to 76.9, respectively. 
We find in making a complete analysis of pure air, that a 
number of other elements and compounds enter into it, mak- 
ing a mechanical mixture which is somewhat complex. To 
the heating and ventilating engineer, however, two im- 
portant substances must be added to the two just stated, 
and a revision of the percentages will therefore be neces- 
sary. It may be said that pure air, as taken from tlie good 
open country and not contaminated with poisonous gases 
or the dust and refuse from the cities, would have about 
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the followinfiT composition. Sec Encyclopedia Britannica, 
Respiration. 

Oxygen Symbol O Per cent, of volume 20.26 

Nitrogen " N 7S.00 

Moisture " H,0 1.7 

Carbon dioxide " CO, .04 

These values are fairly constant, cxcopt that of thf mois- 
ture, which may vary according to the humidity anywlure 
from -f- to 4 per cent, of the entire weiglit of the air. In 
places where the air is not pure, the following substances 
may be found in small quantities: carbon monoxide (CO), 
sulphuretted hydrogen (H»S), ozone, argon, compounds of 
ammonia, and compounds of nitric, nitrous, sulphuric and 
sulphurous acids. 

In the process of respiration, the lungs and the skin 
of the average person will change the composition of the 
air film around the person from that given above to 
Oxygen Per cent, of volume 16 

Nitrogen 75 

Moisture " " " 5 

Carbon dioxide " " " 4 

Comparing these values with 'those for pure air, it will 
be seen that the oxygen has been reduced about one-flftli, 
the nitrogen has been reduced about one tw<*nty-flftli, tlio 
vapor has increased three times and the carbon dioxide lias 
increased one hundred times. Oxygen has been consumed 
in its uniting with the excess carbon and hydrogen in the 
System, and Is given off as carbon dioxide and water vapor. 
It may be seen from these ratios, that the very rapid increase 
in CO3 and the accompanying impurities of animal matter, 
would soon render unfit for use the air in almost any build- 
ing occupied by a number of people. To avoid this state of 
affairs, fresh air should be supplied continuously and at 
such points as will provide the most uniform circulation. 

7. Oxysea and Nitrogen: — The oxygon of the air fills 
about one-fifth of the volume in atmospheric air and is the 
element that makes combustion possible. The other four- 
flfths of the space might be said to be filled with nitrogen. 
In a providential way, this nitrogen acts as a sort of buffer 
in its mixture with the oxygen and serves to control the 
rapidity with which the combustion takes place. Nitrogen 
seems to have little effect upon the rosp\Ta.\.\.oTv, ^-jl^^^X. V* 
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retard the chemical action between the oxygen and carbon 
and the oxygen and hydrogen. If one were to attempt to 
live in an atmosphere of pure oxygen, the chemical action 
in the lungs would be so rapid that the human body would 
not be able to maintain it. 

8. Carbon Dioxides — The amount of CO2 in the air is 
used as an index to the purity of th.e air. This is not con- 
sidered a poisonous gas. It has slight taste and odor but no 
color. It is found in many natural waters and manufac- 
tured beverages, the chief one being 'teoda water," which is 
made by forcing carbon dioxide into water under pressure. 
The real action of CO2 w.hen taken dnto the lungs is not 
well known. It has the effect of producing physical depres- 
sion, and where found in sufficient quantity would even cause 
death by suffocation, very similar to a submergence in 
water. Whatever its effect upon human life may be, its pres- 
ence In any room used for habitation is usually an indica- 
tion of the lack af oxygen and an excess of impuritieis thrown 
off by respiration. Pure air has four parts COj in 
10000 parts of air, and room air should never be 
allowed to have more than eight 'to ten parts in 10000 parts 
of air. It becomes the problem of the heating engineer, 
therefore, to provide air in sufficient quantities, and to enter 
and withdraw the air from the room in a manner such as 
will not be uncomfortable to the occupants, at the same 
time keeping the air fairly uniform in quality, throughout 
the room. Carbon dioxide in the exhaled breath is about 2.5 
times heavier than air of the same temperature, and there- 
fore would have a tendency to fall. It is exhaled, however, 
with excessive moisture and at a temperature higher 'bhan 
that of the roam air, both qualities giving it a tendency to 
rise. These latter factors probably neutralize the excessive 
density, and as long as the air Is not absolutely quiet, would 
eventually result in a fair diffusion throughout the room 
air. In large audiences the heat given off from the occu- 
pants is sufficient to cause strong air currents which", in 
rising, lift this Impure air to the upper part of the room. 
In mosit systems the vitiated air is withdrawn from the 
room near the floor line. If, as is urged by some, the ven-- 
tilatlng air enters near the floor line and is removed from 
the upper part of the room near the ceiling, the problem 
of heating the room will be more dlfflcult and expeneive; 
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The circulation of air within rooms is heincc given much at- 
tention now and it is hoped that some conclusive results 
may -soon be obtained. There [s no doubt that less air will 
be needed for proper ventilation if it is entered and removed 
in such a manner and from such parts of the room as will 
keep all the air within the room constantly niovinsr and yet 
free from localized air currents. 

A fnethod of determining the percentage of carbon dioxide in the 
air, based upon the fact that barium carbonate \h nearly in- 
soluble in water, may be performed as follows: Provid** 
eleven bottles with rubber stoppers havinf? two holeH <Mich, 
and connect them continuously by f^lass and rubber tublnR, 
so that if suction be applied at the ftrst bottle of the series, 
air will be drawn in at the last of the stories and the same 
air will be passed through all. In this way a sample of the 
air to be tested may be drawn into each bottle. The capac- 
ities of the bottles must be made to be respectively. In 
ounces, 23%, 18%, 16%, 14, 9%. 7%. r.%. 4. 2%, 2% and 2. 
This may readily be done by partially flllinpr with parafflne. 
Into each bottle is then placed % ounce of a 50 per cent, sat- 
urated solution of barium hydrate, Ba(OH)3. More of the 
air to be tested is drawn through the system until assurance 
is had that each bottle contains a fair sample. Each botth; i.s 
then thoroughly shaken, so U\a>t the liiiuld may be brought 
into good contact with the air sample. If the least turbidity 
or cloudiness appears in the 

First or largest bottle indicates O.oj per cent. OOg 

<< II <4 

•< <i 4< 



Second bottle 


indicates 


0.06 


Third 






0.07 


Fourth 






0.08 


Fifth 






0.10 


Sixth 






0.15 


Seventh 






0.20 


Eighth 






0.30 


Ninth 






0.40 


Tenth 






0.60 


Eleventh ' 






0.90 



<< 



<< 



Care must be taken to have a fair sample of the air in 
each bottle. The glass tubes through the rubber stoppers 
should extend no farther than the bottom of the stoppers. 
Fig. 4, a, shows four of the bottles and their cotvtvec,U<2»Tc^. 
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As an example, suppose that the air of a room was tested 
and that In the first, second, third, fourth, fifth and sixth 
bottles the liquid became turbid after vigorous shaking. 
Such room air would have contained 0.15 per cent, of carbon 
dioxide, and would have been considered quite unfit for 
breathing:* 





Fig. 4. 



A second, less cumbersome, and more delicate method of testing 
for the percentage of carbon dioxide will be described, as it 
is the method commonly used and only requires compara- 
tively simple apparatus, as shown in Fig". 4, b. A bottle of 
about 6 ounces capacity is fitted with a rubber stopper hav- 
ing two holes. Through one hole a glass tube is brought 
from the bottom of the bottle, and to the outer end of the 
tube is connected a valved bulb similar to those found on 
atomizers. Into the bottle are placed 10 cubic centimeters 
of a solution made by dissolving .53 grams of anhydrous 
sodium carbonate, Na2 OO3, in 5 liters of water, and adding 
.01 gram of phenolphthalein. The water used must have been 
previously boiled for at least one hour in an open vessel. 
With the apparatus so prepared, squeeze the bulb, 'thus forc- 
ing air from the room tbrough the liquid and into the bot- 
tle. The open hole in the rubber stopper is then closed with 
the thumb, and the bottle shaken for twenty seconds, 
then another bul'b-full of air is inserted, and again shaken. 
This process is continued and the number of bulbs of air 
noted until the red color of the solution, due to the phenolph- 
thalein, disappears. This number of bulb fillings is indica- 
tive of the purity of the air according to the table below. 
After such an apparatus is completed, it must be calibrated 
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before beinfir used. This is done by testingr the number of 
bulb fillinsrs of pure country air necessary to cU>ar the 
liquid, which will usually vary from 40 to 70. A new table 
for that special apparatus is then obtained from the one 
given below by proportion. In the table srivcn, this number 
of bulb fiUinsrs, with purest country air. is 48. If. with the 
apparatus made up, it is found that, say. 60 bulb flllinK" are 
required, then the proportionate table would be made by 
multiplyinfiT the number of bulb flllinf?s fpiven b(>low by the 
ratio of 60 4- 48. or G to 4. It is important that the bulb be 
compressed the same amount for each fiUinR, and that the 
shakinsT of the bottle and contents be continued tho same 
length of time after each fillinsr, to obtain uniform results. 







TABLE 


I. 




Fillings 


Per Cent. 


COa 


Fillings 


Per Cont. COa 


48 


.030 




15 


.074 


40 


.038 




14 


.077 


35 


.042 




13 


.08 


30 


.048 




12 


.083 


28 


.049 




11 


.087 


26 


.051 




10 


.09 


24 


.054 




9 


.10 


22 


.058 




8 


.115 


20 


.062 




7 


.135 


19 


.064 




6 


.155 


18 


.066 




5 


.18 


17 


.069 




4 


.21 


16 


.071 




3 


.25 



The methods outlined for the approximate estimation of 
CO2 are satisfactory for determining whether or not ventila- 
ting systems maintain a proper degree of purity of air. If 
exact percentages of CO, COj, O and N are required, the Orsat 
apparatus must be employed, for description of which see 
Engineering Chemistry by Stlllman, page 238. See also Car- 
penter, H. & V. B., Chap. II, and Hempel's Gas Analysis, 
translated by Dennis. 

9. Amoiiikt of Air Required per Person t — The need of a 
continuous supply of fresh air in our residences and business 
houses can scarcely be over-estimated. Health is probably 
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the grre£ute»t of all blessings and pure air is absolutely es- 
sential to health. The average adult, when engaged in or- 
dinary indoor occupations, will exhale about twenty cubic 
inches of air per respiration. He will also have sixteen to 
twenty respirations per minute, making a total of 400 cubic 
inches or, say, .25 cubic foot of air exhaled per minute. If 
as in Art. 6, exhaled air contains 4 per cent. COa, then 
the average person will exhale 60 X .25 X .04 = .6 cubic foot 
CO2 per hour, (Pettenkofer, Smith & Parker), which is con- 
stantly being diffused throughout the air of the room, thus 
rendering it unfit for use. If the carbon dioxide and the 
other impurities could be disassociated from the rest of the 
air and expelled from the room without taking large quan- 
tities of otherwise pure air with it, the problems of the heat- 
ing engineer would be simplified, but this cannot be done. 
Because of this rapid diffusion, it is necessary to flood the 
room with fresh air in order that the purity may be main- 
tained at a safe value. The ideal conditions would be to 
have it the same as that of the outside air, but the mechan- 
ical difficulties around such a ventilating system would be so 
great as to render it prohibitive. The standard of purity 
which should be aimed at, and one, as well, which may be 
attained with a first class system, is, .06 of one per cent. 
CO2, i. e., six parts of CO2 in 10000 parts of air. A system, 
however, which maintains a standard of 8 parts in 10000 
would be considered fairly satisfactory. This may be put in 
a simple form for calculation. 

Let Qi = cubic feet of atmospheric air needed per hour 
per person; A = cubic feet of CO2 given off per hour per 
person; n = the standard of purity to be maintained (al- 
lowable parts of CO2 in 10000 parts of air); and p = the 
standard of purity in atmospheric air, say, 4; then 

A 

^1 = -a ^ <2) 

n — p 

If we wish to maintain a purity in the room of seven 
parts COa in 10000 parts of air, and pure air contains four 
parts in 10000, we have Qi = .6 -r (.0007 — .0004) = 2000 
cubic feet of air per hour. 

Another formula, quoted from Carpenter's Heating and 
Ventilating of Buildings, very similar to the above, is 

ah 



AIR REQUIRED PER PERSON 



28 



where a ^ the purity of the exhaled breath, say 400 parts 

in 10000, n = the purity to be maintained In the room and 

h = the cubic feet of air exhaled per minute. Substitutinsr. 
as above, 

Qi = (400 X 60 X .25) -^ (7 — 4) = 2000 cubic feet. 

Based upon .6 cubic foot of COj exhaled per person per 
hour. Table II grives the amount of air needed to maintain 
the various standards of purity. 

It should be understood that no hard and fast rule can 
be given for the air require«ient per person. This, natur- 
ally, would be a different amount when considering the 
physical development for each person in health; it would 
also be different for the same person according to his occu- 
pation at the time, sleep being the least, waking rest some- 
what greater, and physical exercise the greatest; but it 
varies decidedly with the state of the person's health, or the 
sanitary value of his surroundings. According as the degree 
of purity is demanded, the air supply must be increased to 
suit it. 

TABLE II. 
Cubic Feet of Air per Person per Hour. 



n 


A 


Qi 


6 


.6 


3000 




7 


.6 


2000 




8 


.6 


1500 




9 


.6 


1200 




10 


.6 


1000 





Generally, it is understood that the average adult sub- 
jected to average conditions will require 1800 cubic feet of air 
per hour. The amount of air needed for ventilation then in 
most cases can be represented by the formula Q' = 1800 N, 
where N ^ the number of people to be provided for. 

The following table quoted from Carpenter's H. & V. B., 
and from Morin in Encyclopedia Britannica, gives a fair 
value for the amount of air per occupaivX, ^^t \:i.Q\5.t, 'Ccc^X. 
^houi4 be supplied to rooms used lor \aT\owa ^MT^<i^^'&« 
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TABLE IIL 

Hospitals, ordinary 2000-2400 cu. ft. per hour 

epidemic 5000 

Workshops, ordinary 2000 " " " 

unhealthy trades 3500 

Prisons 1700 " " *' 

Theaters '. . . 1400-1700 ' 

Meeting halls 1000-2000 " " " '* 

Schools, per child 400- 500 " " " 

" adult 800-1000 



Recent practice would tend to increase these values 
somewhat; especially those relating 'to school house ventil- 
ation, where -a good estimate would be 800 to 1800 respec- 
tively. 

One ordinary gas burner of 20 candle power, using four 
cubic feet of gas per hour, will vitiate a-s much air as three 
or four people. Where many lamps are used, this fact 
should be taken into account. 

In summing up the subject of fresh air supply, it Is well to call 
attention to the fact that the ordinary running conditions ol 
any room cannot be absolutely determined by a single test 
for carbon dioxide. Trials should be frequently made and 
records kept. Upon one day the conditions may be unusually 
favorable and would show a small -amount of CO2 even 
though a very small amount of fresh air be admitted; while 
on other days, when the conditions are not so favorable, a 
large amount of fresh air would have to be supplied to main- 
tain the proper purity within. If the only requirement, 
therefore, governing the ventilation of buildings should be 
that a satisfactory CO2 test be passed, there would be a large 
opportunity to overrate or underrate, as the case may be, 
the ventilating system of the building. The only safe method 
in rating ventilating systems is to require a minimum air supplH 
in addition to a maximum permissible percentage of CO2. 

(The purification of air by ozonizing it has recently been advo- 
cated and by some it is claimed to be the real solution of 
the bad air problem. Definite scientific data are sitlll lack- 
ing upon which to base any authoritative sitatements, al- 
though the invigorating effects of breathing ozonized air 
will be testified to by many. OzQn« is an unstable form of 
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oxygren, probably containinsr a greater number of atoms per 
molecule, and is formed by passing: air throuerh a highly 
charsred electric field. Because of its unstability as a sub- 
stance it readily breaks up and becomes more active as an 
oxidizinfiT agent than oxygen itself. In its decomposition a 
part goes into combination with substances in the air. such 
as carbon impurities thrown off from the human body, and 
burns them up, leaving the balance which is probably pure 
oxygen. If in the future the purifying effects of ozone are 
found to substantiate the claims made by flom(\ ventilation 
problems may thus be readily solved by air washing and 
ozonizing. 

10. Moisture with Alrt — ^Moisture with the air is a bene- 
fit to both the heating and ventilating systems In any room. 
Wlith moisture in the room, a person may feel comfortable 
when the temperature is several degrees lower than the 
comfortable temperature of dry air. Dry air takes up the 
moisture from the skin. The vaporization of this moisture 
causes a loss of heat from the body, and gives to the per- 
son a sense of cold, which is only relieved when the tem- 
perature of the room is increased. Air space that is fairly 
saturated with moisture will not permit of much evaporation 
from the skin, because there is not much demand for this 
moifirture with the air; consequently the body retains that 
heat and the person has a sensation of warmth which is 
only relieved by lowering the temperature of the air of the 
room. On the other hand, at low temperatures tlie mois- 
ture with air chills the surface of the skin by convection, 
a condition that is not so noticeable when the air is dry. 
It follows from the above statement that the range of com- 
fortable temperatures is less for moist air than for dry air. 

Concerning the effect of moisture in its relation to the 
heating and ventilating of the room, we may say that thor- 
oughly dry air has not the quality of intercepting radiant 
heat; moisture, however, has this quality. Moist air has 
also somewhat less weight than dry air and is more buoyant. 
Because of the possibility of storing up the radiant heat 
within the particles of moisture, and, because of Its con- 
vection qualities, it serves as a good heat carrier for the 
heating system. 

11. Humidity of the Alrt — The actual humidity Is the 
amount of mo4sture, expressed in grains or in pounds per 
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cubic foot, mixed with the air . 
relalivt hamldilv Is the ratio of the 
ally with the air divided by the i 
the same volume could hold at tl: 
saturated. It Is very Important 
be able to add to or to take awa 
moisture 



my temperature. The 

unt of moisture which 
ame temperature when 
t the heating engineer 
•om the amount of the 
; atr supply of any building. To And the 
amount of moisture that should be added or subtracted in 
any case. It Is nrst necessary to determine the humidity of 
the air current at various points along Its course. This 
may be obtained by the aid of the wet and dry bulb ther- 
mometer or by any one of a number 
of hygrometers supplied by the 
trade. The wet and dry bulb ther- 
mometer has a very simple appli- 
cation, and la probably in moat Ken- 
eral use. The principle of its ap- 
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cDmmcinly known as tha hiiffroirlb. To Und, y>y It, the retatlvs 
humidity ]n tlie atmoflplierc, swing tlie Index hand to tlie 
left of ttie chart, and adjust the sliding pointer to that de- 
gree ot the wet bulb thermometer •acale at which the mer- 
cury standB. Then swilng the Index hand to the right until 
the Blldlrg pointer InterBeota the curved line which extends 
downward to the left from the degree oC the dry bulb 
thermometer scbLc, Indicatt^d by the top of the mercury 
column In the dry bulb tubo. At that Intersection, the In- 
dex hand will point to the relative humidity on scale at hot' 
lorn of chart Should the temperature Indicated by the wet 
bulb thertnometor he GU degrtea and tliat ot the dry bulb 
"0 (iegreCB, the IndL'X hand will Indicate humtdttv ''I- ^^ 
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per cent., when the pointer rests on the intersecting: line 
of 60 degrees and 70 degrees. 

For accurate loork any instrument of the wet and dry bulb type 
should he used in a current of air of not less than 15 feet per second. 

Note. — ^A very elaborate series of experiments conduct- 
ed by Mr. Willis H. Carrier of Buffalo, New York, and pre- 
sented as a paper before the American Society of Mechan- 
ical Engineers in 1911, seems to show a theoretical humidity 
under varying conditions of temperature somewhat different 
from that obtained by the U. S. Weather Bureau, which has 
always been considered as a standard. Tables 11 and 12, 
Appendix, are used as reference in this book but Fig. A fol- 
lowing Table 13, shows the variation between the results 
obtained by Mr. Carrier and those obtained by the Govern- 
ment. The two charts Fig. B and Fig. C In addition to Fig. 
A are extracted from Mr. Carrier's work with his permis- 
sion. The oo.m'pleteness with which this data has been 
worked up permits almost any information desired to be 
obtained from 'these two charts. 

12. For Close Approximations and to avoid calculations, 

the humidity chart, Fig. 7, may also be used In determining 
relative humidity, absolute humidity, dew point, temperature 
of wet bulb and temperature of dry bulb. On the left of the 
chart is a scale referring to horizontal lines giving tempera- 
tures of the wet bulb. The scale on the right hand, referring 
to the lines curving downward from right to left. Is the ficale 
of the room, or dry bulb, temperatures. The scale along the 
bottom of the chart is one of relative humidity. The scale of 
numbers up the center of the chart refers to the lines curving 
downward from left to right, and indicates the absolute hu- 
midity, 1. e., grains of moisture per cubic foot with the air. 
The use of the chart may be most readily understood by a 
few applications. 

Application. — Given dry bulb 70 degrees and wet bulb 60 
degrees. Determine relative humidity, absolute humidity, 
temperature of dew point for room, etc. First, starting on 
the right hand scale at 70, follow down the line this number 
refers to until it crosses the horizontal line of 60 degrees, 
wet bulb temperature. From this intersection drop to the 
relative humidity scale and read there 55 per cent. This may 
be checked with the table. To obtain the absolute humidity 
it will be noticed that the intersection of the 70 degree and 
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55 per cent, -coordinates showts 4.4 grains per cubic foot. If the 
room .should cool, the absolute humidity would remain the 
same until the dew point is reached (neglecting air contrac 
tion), hence, following down the 4.4 grain line to 100 per cent 
gives the room temperature as 52 degrees, showing that if so 
cooled the air would begin depositing moisture at this tem- 
perature. Again if the room should heat to 90 degrees, the 
relative humidity may be obtained by following the 4.4 
grain line to its intersection with the 90 degree coordinate 
line of room temperature, and from this intersection dropping 
to the relative humidity scale, reading there 31 per cent 
Thus, having given air under any set of conditions, the 
effect that a change in any one of these would have upon 
the remaining may be obtained without calculations. 

13. The Theoretical Amount of Molntnre to be Added to 
Air so as to Maintain a Certain Humidity: — 'Warm air has a 
much greater capacity for holding moisture than cold air. 
According to the law of Gay-Lussac, when air is taken 
at a given outside temperature and heated for Interior 
service, the volume increases with the absolute tempera- 
ture. See Art. 4. On the other hand the humidity de- 
creases rapidly. Air thus treated becomes dry and unpleas- 
ant to the occupants, as well as being detrimental to the 
furnishings of the room. Some means should, therefore, be 
provided to sjupply this moisture to the air current. 

In calculating the amount to be added, let Q = volume 
of aiir in cubic feet per hour entering the room at the reg- 
ister; * = its temperature in degrees -and T = (460 H- = 
its absolute temperature; let Q' and Qo = the correspond- 
ing volumes after entering and before entering, with 
*' and to the temperatures in degrees, and T' = (460 + V) 
and To = (460 + to) the absolute temperatures; also, let «' 
and uo be the humidities, respectively, of the room air and 
the outside air. Then, from the equations 

TO' = T'Q and TQo = ToQ (4) 

find Q' and Qo, 

From Table 10 or 12, Appendix, find the amounts of mois- 
ture if' and Mofin one cubic foot of saturated air at the tena- 
peratures f and to; multiply these by the respective humidi- 
ties and .volumes, and the difference between the two final 
quantitie-s will be the amount of moisture required per hour 
as expressed by the formula 

W = Q'i/'ii' — QoMoUo (6) 
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AppucAnoN. — ^Let Q = 5000, « = 130, /' = 70, tm = 30, m' = .50, 

tf« = .50, M' = 7.98, and Mm = 1.935. then 
iy = 6000 X 580 4- 590 = 4490 
Q» = 5000 X 490 H- 590 = 4154 
IT = 13896 firrains, or 1.983 pounds per hour. 

This means that approximately 2 pounds of water would be 

evaporated for every 5000 cubic feet of fresh air entering 

the register under the above conditions. 

14. VeloeItT In the Convection of Air by the Applica- 
tion of Heati— Let hm Fig. 8, be the height of the chimney 
— .£ or stack. If the temperature of the gases 
• within the chimney C D be the same as that 
J of the entering air, then there will be no 
O natural circulation, because the column C I), 
will Just balance a correspunding column 
A B upon the outside; but if the temperature 
of the chimney gsuses C D and entering air 
A B he te degrees and to degrees, respectively, 
the chimney gases being (te — to) degrees 
^•* '^ ^ greater than that of the outside air, then, 
upon entering the chimney, the gases will 
become less dense and expand an amount 
proportional to the absolute temperature. 
With an outside column of ho feet in height, 
It will then require a column within, ho -\- he 
feet In height to produce equilibrium; in oth- 
"^ er words, the column of gas producing mo- 
Flg. 8, tion In the chimney has a height of he feet. 

A«6ume, in the system of A B C D E, that the 
cross sections at all points be uniform, then the volumes of 
A B (imaginary column) and C E (actual column) are to 
each other as their respective heights, i. e., 
Vo iVo + Ve : : h» : ho + he, or ho : i60 + to : : ho + he : 460 + te 
From thiis we obtain he (460 + to) = ho (te — to) and 

ho (te •^— to) 



he = 



460 + to 



(6) 



Substituting for h in the equation © = V2 gh, its correspond- 
ing value he, we have 



V = V2ohe = 8.02 ^ /lo (tc — to) 



(7) 

460 -t- to 

It is found In practice that the theoretical velocity as 
given by this formula is never obtained, because ot IVv^ 
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friction Of the sides of the chimney and other causei. Mr. 

Alfred R. WalCt quoted the actual dlschare'e from the chim- 
ney as 60 per cent of the theoretical. This estimate may 
be fairly correct for chimneys of the largrer sizes, but may 
not be realized on the smaller ones used In residences. As 
the transverse area becomes smaller, the percentage of fric- 
tion Increases very rapidly and soon becomes the principal 
factor. Prof. Kent assumes a layer of gas two Inches thick 
next the Interior surface as being ineffective. This, If ap- 
plied to small cross-sectional areas, Increases the size ol 
the chimney rapidly from the calculated amount. 

When formula 7 Is applied to hot air stacks In the 
heatlnK systems, the friction Is much less because of the 
- smooth Interior, and the actual velocity of the air should 
reach 60 to 70 per cent, of the theoretical. 

15. neaBnrement of Air Velocltlem— See also Arts. HZ- 
12S. In ventilating work it is often of the greatest Impor- 

terminatlon of the sizes of air propelling fans or blowers 
depends upon the ability to accurately measure the velocity 
of delivery. In acceptance and otl 
Is equally important. However, ni 
trustworthy method of obta/lnins 
yet been devised. 

The velocity of moving air Is 



entirely satisfactory and 



It consists e 



wheel. See Fig. 




ily measured 
ne wheel instrument called the anemomettr. 
lally of a delicately pivoted wheel holding 
les and similar to the common wind-mill 
9. To the shaft Is connected a recording 
mechanism of some sort, the simplest 
belnfT merely dials which show the 
velocity of the a!r traveling past the 
instrument, by the reading of which 
against a stop-watch, the speed per 
unit of time may be obtained. Since 
the Instrument works against the 
friction of moving parts, its readings 
are subject to serious variation, and 
even with frequent calibration, it U 
not to be relied upon where results 
are required accurate to within 20 
per cent. Various teats of anemom- 
eters by comparison to the absolute 



PITOT TUBE 



8S 



readinflTB of a gras tank have shown errors as hlgrh as 35 
per cent slow, to 14 per cent. fast, with the diHCharg:e from 
pipes 8 inches to 24 inches in diameter. Hence, in general, 
it is very safe to say that the anemometer as an instrument 
for velocity measurement in precise work should be used 
with grreat care. 

A second method of velocity measurement, and one 
applying: as readily to liquids ns to grusos, is that of using: 
the Pitot tube principle. Whenever, in a liquid or g:as, a 
pressure produces a flow, part of this pressure, usually 
termed the velocity head, is considered as transform4>d into 
velocity; while a second part, usually called the pressure 
head, acts to produce pressure in the fluid. If now, as at 
A, in Fig:. 10, a tube be inserted into a pipe carrying: a 



B 



fUlW 




Fig:. 10. 



current of air or other moving: fluid, and the end of this 
tube be bent so the plane of the opening is perpendicuJar 
to the direction of the flow, a pressure in the tube will 
result, due to both the velocity head and the pressure head; 
and the difference in levels in the connected manometer 
tube will indicate this sum of pressures in terms of inches 
of water or mercury. If, however, a tube be inserted as at 
B, with the plane of its opening: parallel to the direction 
of the flow, a pressure in the tube will result, due only 
to the pressure head in the moving: fluid; and the difference 
in levels in the connected manometer tube will indicate this 
pressure only. Then, by subtraction of the two manom- 
eter readingrs, the velocity head only is obtained, expressed 
in inches of water or mercury, whj^chever the manometer 
may cont»ia. 

At O Is «bown the instrument as commonly applied, 
with both tubes tog:ether and connected one to either leg: 
Of the manometer tube so that the subtraction is avitOTcv»A\^ 
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and the difference In levels read is caused by the velocity 
only. Having, then, the head of pressure due to velocity, 
to find the actual velocity apply the formula v = V2gh where 
V = velocity in feet per second, g = acceleration of g«ravity 
In feet per second, per second, and h = the velocity head of 
the air in feet. If the manometer contains water, then, 
at 60 degrees, the ratio between the specific gravity of air 

62.37 

and water Is = 816.4. See Tables 12 and 8, Appendix. 

.0764 

Hence the above formula may be reduced to the more read- 
ily available form of 



=v 



2 X 32.16 X 816.4 X 



12 



or 



V = 66.2 V hw 



(8) 



where hw = the difference In height in inches of the columns 
of a water manometer, with both legs connected as described, 
and a temperature of 60 degrees. By a similar method the 
formula may be reduced for a mercury or other manometer, 
or for other temperatures than 60 degrees. (See Art. 1021, 
Trans. A. S. M. E. Vol. XXV.) 

In using the Pltot tube or the anemometer, the fact 
should not be lost sight of that the velocity varies from 
a minimum at the inner walls of the tube to the maximum 
at the center of the tube. It seems that the friction at the 
inner walls throws the moving fluid into a number of 
concentric layers, those -toward the center moving the fast- 
est, those toward the inner wall of the pipe the slowest 
With a circular tube, the variation of velocities of these 
different layers may be approximately represented by the 
abscissae of a parabola. Fig. 11, with its axis on the axis of 
the circular pipe. Weisbach, on page 189 of his Mechanics of 





«Mn 



Fig. 11. 



CHIMNEYS 85 

Air Machinery, quotes the average speed at two-thirds of the 
radius from the center, this value being: obtained by ex- 
periments. For conduits of other shapes the position of 
mean velocity must be determined experimentally. This 
variation of velocity from the center of the stream less- 
ening toward the walls may possibly account for the varia- 
tions shown by the anemometers. It is evident that 
if such an instrument, with a srlven diameter of vane 
wheel, be placed at the center of a pipe of IsLVgc radius it 
would tend to register a higher velocity than the average. 
Automatic recording mctors may bo obtained for keep- 
ing permanent records of the flow of air and steam through 
pipes and ducts. The record from tho meter indicates direct- 
ly the cubic feet of free air o-r other fluid used during each 
hour of the day. 

!•• AmovBt of Air Required im Bvm Carbont — ^The chief 
product in the combustion of carbon with the oxygen of the 
air is COs. The atomic weight of carbon is 12 and that 
of oxygen is 16, hence the chemical union of the two form- 
ing COjt is in the proportion of carbon 12 and oxygen 32 
or as 1 : 2.66. For each pound of carbon consumed, 2.66 
pounds of oxygen will be needed and tho product will weigh 
3.66 pounds. If pure air contains 23 per cent, oxygen, then 
one pound of carbon will need 2.66 -^ .23 = 11.7, say 12 
pounds of air for complete combustion. One cubic foot 
of air at 82 degrees weighs .0807 pounds, then 12 -4- .0807 = 
148 cubic feet of air necessary to burn one pound of car- 
bon if all the oxygen of the air is burned. With volumes 
proportional to the absolute temperatures, this air at 70 
degrees would be 160 cubic feet; at 200 degrees, 200 cubic 
feet; at 400 degrees, ^60 cubic feet; and at 600 degrees, 320 
cubic feet. 

17. Probable Amovnt of Air Usedt — It seems reason- 
able to assume, howeven*, that in practice from two to three 
times as much air goes through a furnace as would be 
needed for perfect combustion. Taking this at 2.5, then the 
cubic feet of air found from the above would be approxl- 
BMitely: 32 degrees, 370 cubic feet; 70 degrees, 400 cubic 
feet; 200 degrees, 500 cubic feet; 400 degrees, 650 cubic feet; 
ftnd 600 degrees, 800 cubic feet. 

1& To Determine the TransTerae Area of a Chimney 
fcf Akw CJIveii Heights — Substitute ho and \.Y\e a^s\xvcv^^ 
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valves of to and U in formula 7, Art. 14. From this find 
the velocity of the chimney grases» and divide . the total 
volume of air used in any griven time. Art. 17, by the corre- 
sponding velocity. 

19. Applieatioii to the Chlnmey of a K^Room RmI- 
dencet — Given: total he^at loss from the bulldlngr per hour, 
10000 B. t. u.; coal. 13500 B. t. u. per pound; furnace 
efficiency, 60 per cent.; temperature at bottom of chimney, 
200 degrees F.; height of chimney, 30 feet above the grate; 
average temperature of chimney gases, 150 decrees. (The 
greatest difficulty is experienced when the Are is first 
started before the chimney Is warmed up. The temperature 
of the stack gases at such a time is very low.) Take the 
outside air ternxjerature, 40 degrees F., and find the size of 
the chimney. 

A heat loss of 100000 B. t. u. per hour will require 
100000 -T- (13500 X .60) = 12.4 pounds of coal per hour at 
the grate; 'then with a temperature of 200 degrees at the 
bottom of the chimney, this will need to pass 600 X 12.4 = 
6200 cubic feet of air per hour. The velocity of the chim- 
ney gases, according to formula, is 20.5 feet per second or 
73800 feet per hour. Assuming the real velocity to be 
25 per cent, of this amount, we have approximately 18450 
feet per hour; then the net sectional area is 6200 ~ 18460 
= .34 square foot or 49 square inches. To fit the brick 
work this would probably be made 8 inches X 8 4nchefc 

20. All Chimneys nhould have a Smootk Flmlsk om the 
Inside: — -Probably the best arrangement that can be made 
Is to build the chimney of hard burned bricli: around hard 
burned tiles of suitable internal size. These tiles can be 
had of outside sizes such that they can easily be made to 
work in with the brick work. Table 15, Appendix, shows 
chimney capacities that will be safe in average practice 
Flues should preferably be made round, in section, as this 
form presents less friction to the gases than any other. 
Flues should never be built less than ten inches in diam- 
eter, or eight by ten inches rectangular. The value of a 
flue depends very much upon the volume of passage due 
to area, and velocity duo to height. Velocity alone Is no 
proof of good draft for there must also be sufficient area 
to carry the smoke. The top of a chimney with reference 
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to its position relative to neighboring structures Is a very 
important consideration. If the top is below any nearby 
portion of the building, eddy currents tending to enter the 
top of the flue may be formed and seriously reduce the draft. 
Under such conditions a shifting cowl, which always turns 
the outlet away from adverse currents, may be advisable. 
Good draft is very essential to the success of any type of 
heating system, and the purchaser of a furnace or heater 
should be required to guarantee sufficient draft before a 
maker is expected to guarantee a stated rating of his 
furnace or heater. 
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References on Ventilation and the Air Supply 

Technical Books. 

Moore, The School House, p. 24. Monroe, Steam Heat, d Vent., 
p. 99. Carpenter, Heat, d Tent. Bldga., p. 21. Hubbard, P&wer, 
Heat, d Vent., p. 408. Allen, Notes on Heat, d Vent., p. 91. 
Ency. BHU, Vol. XXIV, p. 157, also Vol. XX. p. 474. 

Technical Periodicals. 

Engr. Rev., Sanitation and Ventilation in Boston School 
Houses, W. B. Snow, March 1908, p. 15, Subway Ventilation, 
J. B. Holbrook, Jan. 1905, p. 18. Ventilation of School Rooms, 
Nov. 1905, p. 6. Heat, d Tent. Magazine. A Scotchman's Notes on 
Ventilation, Alex. Mackenzie, May 1906, p. 15. Air Analysis as 
an Aid to the Ventilating Engineer, J. R. Preston, Oct. 1906, 
p. 11. Domestic Engineering. Ventilation in its Relation to Health 
W. G. Snow, Vol. 52, No. 4, July 23, 1910, p. 102; Vol. 52, No. 
6, Aug. 6. 1910, p. 154. Ventilation of Isolated Offices, C. L. 
Hubbard, Vol. 45, No. 10, Dec. 5, 1908, p. 274. Humidity, 
Its Necessity and Benefits, W. W. Brand, July 1910. 
The Permanent Place of the Air Washer in HeatinsT 
and Ventilating Work, Feb. 1910. Trans. A. S. B 
d V, E. The Necessity of Moisture in Heated Houses, R. C 
Carpenter, Vol. X, p. 129. Need of Ventilation in Heated 
Buildings, Vol. X, p. 183. Changing the Air in a Building, 
Vol. X, p. 285. Effect of Humidity on Heating Systems, VoL 
IX, p. 323. Necessity of Ventilation, H. Eisert, VoL V. p. 57. 
The Engineering Magazine. Humidifiers, — Tlieir Principles and 
Useful Applications, S. H. Bunnell, June 1910. The Heating; 
Ventilating and Air Conditions of Factories, P. R. Moses, 
Aug. and Sept. 1910. Engineering Record. Ventilation of Three 
Basement Floors of the Marshall Field Retail Store, Chica- 
go, Jan. 23, 1909. Ventilation of a Newspaper Photo-Bn- 
gnaving Plant, June 26, 1909. Ventilation of the First 
Church of Christ, Scientist, Boston, Sept. 19, 1908. The Ven- 
tilation of a Weave Shed, Aug. 8, 1908. Ventilation of the Bat- 
tery Tunnels of the New York Subway Extension to Brook- 
lyn, Oct. 5, 1907. Railway Tunnel Ventilation, Feb. 20, 1904. 
Railway Age Gazette. Detroit Return Trap System, July 23, 
1909, p. 175. Washington Union Station Ventilation, June 

12, 1908, p. 84. Heating and Ventilating the Storage Battery 
Stations on the New York Central & Hudson River, Apru 

13, 1908, p. 489. Ventilation and Heating of Engine Round- 
houses as Adopted by the New York Central Lines, June 18, 
1909, p. 1335. The Metal Worker. A Remarkable Theatre Ven- 
tilation Plant, Jan. 15, 1910, p. 63. An Interesting Factory 
Ventilation Plant, Jan. 15, 1910, p. 90. Ventilation of Factories. 
Aaiditorlums. Stores and Schools in Chicago, May 7, 1910, p. 
634. Ventilation in Relation to Health, Wm. G. Snow, June 
25, 1910, p. 866; July 30, 1910, p. 142. Heating and Ventilat- 
ing Plant Complying with Factory Law, July 10, 1909, p. 
41. Heating from a Physician's Standpoint, May 14, 1910, 
p. 658. Ventilating a Restaurant, Sept. 25, 1909, p. 39. 
Vassier's Magazine. The Purification of Air, Oct. 1910. 



CHAPTER III. 



HBAT LOSSES FROM BUILDINGS. 



2L LoiM of Heat by Condoctioii and Radiation i — In 

planning the heating: system for any buildinflr. the first and 
probably the most important part of the work is to esti- 
mate the total heat loss per hour from the building:. Un- 
fortunately this is the part which is the least open to 
satisfactory calculations and we find little valuable theo- 
retical data upon the subect. 

Heat Is lost from a building: in two ways, by radiation 
and by convection, i. e., that transferred through walls, win- 
dows and other exposed surfaces by conduction and lost 
by radiation; •and that carried off by tlie movement of the 
air as It passes out throug:h the opcning:s in the building: 
to the outside air. The radiation loss is usually of grreater 
importance, but the convection loss is of much more im- 
portance than is g:enerally considered. In the averag:e 
building: boith of these values are difficult to determine. 

Radiation losses are considered under various heads, 
such as g:lass, wall, floor, ceiling: and door losses. Concern- 
ing the conduction of heat through these various materials, 
the available data have been obtained by experimentation 
and do not agree very closely. Peclet in France, and Qras- 
hof, Rietschel, Klinger and Rechnagel in Germany, each 
carried on experimental research to determine the heat 
transmission through various materials and structures. 
These published data form the basis for a large part of the 
heat loss calculations of the present time. Much valuable 
material can be found in the more recent writings of 
Hood, Wolff, Box, Carpenter, Kinealy, Allen, Hogan, Hub- 
bard and others, but many of the values quoted are only 

rough approximations at best. The reason for so much 
uncertainty In this part of the work is found in the fact 

that there are such great differences in methods of build- 
ing^ 'construction. Conductivity tests for the various ma- 
terials have been satisfactorily made, but when these sa>me 
materials have been put into a building wall the quality 
of the workmanship often permits more heat loss bv ^^"s^- 
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vection than would be transmitted througrh the materials 
themselves. The values quoted for brick walls and grlass 
agree fairly well. The greatest difficulty Is found in the 
balloon-framed buHdlng with its studded walls, where the 
dead air space in a well constructed wall may be a good 
nonnoonductor, or where, on the other hand, the same space 
in a poorly constructed wall may become a circulating air 
space to cool the walls by the movement of the air. 

Table IV has been compiled from a number of the 
best references as stated above, and represents a fair aver- 
age of all of them. The value K (rate of transml'ssion), in 
some of the references, varied for the same material, being 
somewhat greater for small temperature differences than 
where the temperatures differed widely. In general, the 
transfer of heat through any substance is about propor- 
tional to the difference of the temperature between the two 
sides of the substance. This was noticeably true for most 
of the quotations. 

TABLE IV. 

Conductivities of Building Materials. 

Jf = B. t. u. transmitted per sq. ft. per hour per degree dlf. 



(Materials. K. 

Brick wall, 8'' 4 

Brick wall, 12" 81 

Brick wall, 16"' 2$ 

Brick wall, 20" 23 

Brick wall, 24" 21 

Brick wall, 28" If 

Brick wall, 32" 17 

Brick wall, furred, use .7 times non-furred in each oase. 
Stone wall, use 1.5 times brick wall in each case. 

Windows, single glass l,^ 

Windows, double glass 

Skylight, single glass 1. 

Skylight, double glass 

Wooden door, 1" 

Wooden door 2" 2$ 

Solid plaster partition, 2" 

Solid plaster partition, 3" 

Ordinary stud partition, lath and piaster on one side... . 
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Ordinary stud partition, kith and plaster on two sides.. .34 

Concrete floor on brick arch 2 

f'ireproof construction as flooring: • 1 

f'ireproof construction as ceiling: 14 

Single wood floor on brick arch 15 

•Double wood floor, plaster beneath 10 

Vooden beams planked over, as flooring 17 

Wooden beams planked over, as ceiling 35 

Walls of the averag:e wooden dwelling 25 to .30 

Lath and plaster ceiling:, no floor above 62 

Lath and plaster ceiling, floor above 25 

Steel ceiling, with floor above 35 

Sing:le %" floor, no plaster beneath 45 

Single %" floor, plaster beneath 26 



Occasionally It is convenient to reduce all radiating 
surfaces to equivalent wall surface and take account of the 
heat losses as a part of the wall. 

The following equivalents for doors, floors and ceilings 
have been found to give good results: 

Doors not protected by storm doors or vestibule = 200% of 
equal wall area. 

Floor over unheated space. Air circulation = same as wall. 
Floor over unheated space. Still air = 40% of equal wall area. 
Ceiling below unheated space. Air circulation = 125% of 
equal wall area. 

Ceiling below unheated space. Still air = 50% of equal wall 
area. 

In all references from French and German authorities, 
one is impressed by the extreme care and exactness with 
which every detail is worked out, even to those minor parts 
usually considered in this country of no special moment. 

Table IV has been reduced to chart form, Pig. 12, where 
the table values agree with — 10* outside temperature and 
wind velocity. The application of this chart is as follows: 
Assume the outside temperature — 10*, still air, inside tem- 
perature 70®, south exposure. WTiat is the heat loss from 
a square foot of 12 inch brick wall, also from a square foot 
of single glass window? Beginning at the right of the 
chart at — 10" outside temperature trace \.o \."tv^ \^V^ "^^ "Cc^a 
fi wiDd velocity, then up the ordinate to Vn^e ^^ \^<:^ ^^ 
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(Interpolate between B and 1«), then to the lett to the line 
Indicating TO* inalde temperature, then down to the aouth 
exposure,' then to the leFt showing 26 B. t. u. transmitted 




per hour. For the glass, trace from — 10" lo the wlni 
velocity, then up to the single window, then to the ]«tt t* 
the inside temperature, TO', then down to aouth expoannk 
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then to the left showing 80 B. t u. per square foot per hour. 
Checking: this with the table for a 12 inch brick wall we 
have .31 X 80 = 24.8 B. t. u. For glass 1 X 80 = 80. The 
values given in the table must be increased for west, north 
and east exposures. The effect of the wind velocity upon 
the heat loss is very marked. Locations subjected to high 
winds should have extra allowance made. For example, 
take the 12 inch brick wall just mentioned. Assume the 
wind to be 30 miles an hour. By the same process as before 
we find for a south exposure, 36 B. t. u. loss as compared to 
25 with wind velocity. 

22. LoiM of Heat hj Air Leakage i — The exact amount 
of air leaving a building by leakage is impossible to de- 
termine. Many experiments have been carried on in the 
last few years to determine the amount of leakage around 
windows and doors. These In the specific cases have been 
successful, but no actual values can be quoted for general 
use. Again, a considerable amount of air passes through 
the walls, thus rendering the case more complicated. In all 
the experiments, however. It has been found that tliese 
losses have been much greater than was supposed. In rooms 
not heavily exposed, or in touch with heavy winds, two 
changes per hour may be safely allowed for all leakage 
losses. 

28. ESxpoavre Loaaea and Other Loasesi — Radiation 
losses are much greater on the exposed or windward side of 
the building. Moving air passing over the surface of any 
radiating material will wipe the heat off faster than would 
be true of still air. The north, north-west and the north- 
east In most sections of the country get the highest winds 
and have the least benefit of the sun and are therefore 
counted the cold portions of the building. In figuring a 
building It is customary to figure each room as though it 
were a south room, which is assumed to need no additions 
for exposure, and then add a certain percentage of this 
loss for exposure to fit the location of the room. The exact 
amount to add in each case is largely a matter of the Judg- 
ment of the designer, who, of course, is supposed to know 
the direction of the heavy winds and the protection that 
is afforded by surrounding buildings. A wide variety of 
values covering the American practice might be quoted for 
this, but the ftollowing will give satisfactory rea\ilt^\ 
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TABLE V. 



North, north-east and north-west rooms heavily exposed, 

10-20 per cent 
East or west rooms moderately exposed .... 6-10 per cent 

Rooms heated only periodically 20-40 per cent 

The German practice is somewhat more extreme than 
ours in this part of the work: 
North, north-east and north-west rooms heavily exposed 

15-25 per cent 

East and west rooms 10-15 per cent 

Surfaces exposed to heavy winds .10-20 per cent 

Heat interrupted daily but rooms kept closed 10 per cent 
Heat Interrupted daily but rooms* kept open 30 per cent 

Heat off for long periods 50 per cent 

Rooms 12 to 14% feet from floor to ceilinsr •• 8 per cent 
Rooms 14% to 18 feet from floor to ceiling ... 6 per cent 
Rooms 18 feet and above from floor to ceilinsr 10 per cent 



24. Loa« of Heat by Ventilation t— A certain amount of 
fresh air leaks into every building and displaces an equal 
amount of warm air, but this amount of fresh leakage air 
is not considered suflicient for good ventilation. When 
warm air is displaced either by leakage or by ventilation, 
it is exhausted to the outside air and as it leaves the room 
carries a certain amount of heat with it. This la a direct 
loss and should be taken into account. 

Since the loss by leakage is practically the same for 
all systems of heating, it is accounted for in the ordinary 
heat loss formula, but losses by ventilating systems must 
be considered in excess of this amount. Let Q' = cubic feet 
of fresh air supplied per hour, t' — U = drop in temperature 
from the inside to the outside air; then the heat lost by ex- 
hausting the air. Art. 27, is 

Q' (f — to) 
Uv = (9) 

55 



25. Two General Methods of Estimating the Heat I^etm B 
from a Building are in Common Use: — First, estimate all 

radiation losses and add to their sum a certain per centi 
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of Itself to allow for leakagrc by convection; second, esti- 
mate all radiation losses and add to their sum a certain 
amount which depends upon the volume of the room. The 
first is by Equivalent Radiating Surfavrn only and the second is 
by Equivalent Radiating Surfacea and Volume vombincd. 

26. Metkod No. It — Fif^urinf? by Equivalent Radiatinpr 
Surface. — Let // := B. t. u. heat loss from room per hour; 
O = exposed glass in square feet; IV = exposed wall minus 
grlass, plus exposed doors reduced to equivalent wall Hurface 
in square feet; F = floor or ceilingr separating: warm room 
from unheated space; tm = difterence between room temper- 
ature and outside temperature; <y = difTerence between 
room temperature and temperature of the unheated space; 
K» K' and K" = coefficients of heat transmission; a = per- 
centage allowed for exposure and 5 = percentagre allowed 
for loss by leakagre, varying in. per cent, of other losses 
from 10 in the average house to 80 in the house of poor 
construction. 

From the above, we have 

H = iKOU + K'Wtm + K'Ttv) n + a + b) (10) 

(Appucatiok. — ^Assume the sitting room, Fig. 15, to have 
a total exposed wall surface, ir, exclusive of glass, 242 
square feet; total exposed glass, O, 38 square feet; and 
floor, F, 195 square feet. Assume that all the rooms are 
heated to 70 degrees with an outside temperature of zero 
degrees and that all workmanship is fair. Assume also the 
floor to be of the ordinary thickness and not ceiled below, with 
a temperature below the floor of this room of 32 degrees; 
and that two people are using the room. Under such con- 
ditions what Is the heat loss from the room? Since this 
is a south room there is no exposure loss and a = 0. Then 
assuming & = .20 we have 

ir = (1 X 88 X 70 + .8 X 242 X 70 + .45 X 195X 38) (1 + .20) 
= 18270 R t. u. 

Good Judgment will be necessary in selecting the proper 
outside temperature for the calculation. The value of this 
outside temperature va^rles among men in the same locality 
as much- as 20 degrees. In fhe above application if fo = — 
SO** and the temperature of the unheated space below the 
floor remains at 82 degrees, formula (10) becomes B = 15946 
R L a. £^00 cHwWMion of this point under Art, 60. 
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27. Method No. 2» — Figuring by Equivalent Radiating 
Surface and Volume. — The general formula for this is 

H = {KQU + K'Wtm + K"FU + oc nCU) (1 + a) (11) 

where H, K, O, U, ty, TF, F and a are as given above; O = cubic 
volume pt the room; n = number of times the air is sup- 
posed to change in the room by leakage and convection per 

hour, recommended, 1 to 2; «« = -^ ^^^ *^ usually taken .02 
for convenience of calculation. This constant refers to the 
heat carried away by the air. The specific heat of the air 
at 32 degrees is .238; then the number of pounds of air 
heated from 32 to 33 decrees by 1 B. t. u. is 1 -r- .238 = 4.2. 
Now if the weight of a cubic foot of air at 32 degrees is .0807 
pounds, we would have 4.2 -r- .0807 = 52 cubic feet of air 
heated from 32 to 33 degrees by 1 B. t. u. However, most 
of the heating is not done at from 32 to 33 degrees but 
from 32 to 70 degrees, in which case, the volume of air 
heated from 69 to 70 degrees by 1 B. t. u. is 62 X 530 -5- 
492 = 56 cubic feet. See absolute temperature, Art. 4. It 
is evident that some approximation must here be made. No 
exact value can be taken because of the great range of 
temperature change of the air, but 55 ie commonly used 
as the best average. The difficulty of handling formula 

with the constant ^ ^^^ led to the simple form .02. (See 

55 
last column Table 12, Appendix.) 

Application. — With the same room as used in Application 
1, we have, if a = 0, 

^ == (1 X 38 X 70 + .3 X 242 X 70 + .45 X 195 X 38 + 
.02 X 1 X 1950 X 70) (1 + 0) = 13806 B. t. u. 

28. Method No. 3t — Professor Carpenter reviews the 
work of the various authors an-d quotes the following 
formula, which is the same as that given in Method No. S 
in a more simplified form, with the terms the same at 
before: 

H = (G + .25 TF + .02 nC) U (12) 

In his opinion ithe very elaborate methods sometimes used 
are unnecessary. K may be assumed .25 for any ordinary 
wall surface, brick or frame, and the ceilings adjoining an 
attic or the floors above a cellar of the average house need 
not be considered. Floors above an unexcavated space 
where no heat is obtained from the furnace and where there 
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is more or less circulation of air should no doubt have 
some allowance. This would probably be the same as g^iven 
in Art. 21. The values of n are quoted by the same author- 
ity as follows: 

Values of n. 



Residence heating, halls, 3; sitting: room and rooms on the 
first floor, 2; sleeping: rooms and rooms on second floor, 1. 
Stores, first floor, 2 to 3; second floor, IH to 2. 
OflFices, first floor, 2 to 2H: second floor, IH to 2. 
Churches and public assembly rooms, % to 2. 
Largre rooms with small exposure, H to 1. 



Application. — ^Assumingr the same room as before, 
/r = [38 4- .25 (242 + .4 X 195) + .02 X 2 X 1950] 70 = 13720. 

29. Combined Heat Loss //' = (IT + ITv): — In buildings 
where ventilation is provided, the total heat loss is that lost 
by radiation, H, + that lost by ventilation, Hv, (flee also Art. 
36). Letting Q» = cubic feet of air needed per hour for 
ventilatiop, we have 

Qv ta 

W = H -\ (13) 

55 

Rule. — To find the total heat loaa from any building, add to 
the heat loaa calculated by formula, the amount found by multiply- 
ing the number of cubic feet of ventilating air exhausted from the 
building per hour by one-flfty-fl,fth of the difference between the in- 
side and outside temperatures. 

80. Temperatures to be Considered: — The temperature 
maintained in heated rooms in this country is 70 degrees. 
Outside temperatures used in figuring heat losses are gen- 
erally taken, southern part, + 10 degrees; northern part — 
20 degrees; ordinary value, degrees. (See Art. 60.) 

The German Government requires estimates on the fol- 
lowing temperatures, as quoted in "Formulas and Tables 
for Heating," by Prof. J. H. Kinealy. 
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TABLE VL— Values of f. 



The temperatures of heated rooms are generally as- 
sumed by the German Engineers to be as follows: 

Booms in which the occupants are for the most part at rest: 
Living rooms, business rooms, court houses, offices. 

schools 68 

Lecture halls and auditoriums 61 to 64 

Rooms used only as sleeping rooms 54 to 59 

Bath rooms in dwellings 68 to 72 

Sick rooms 72 

Rooms in which the occupants are undergoing bodily ex- 
ertion: 

Workshops, gymnasiums, fen-cing halls, etc., in which 

the exertion is vigorous 50 tO 59 

Workshops in which the exertion is not so vig- 
orous 61 to 64 

Rooms used as. passage rooms or occupied by people in 
street dress: 

Entrance halls, passages, corridors, vestibules 54 to 59 

Churches 50 to B4 

Miscellaneous: 

Prisons for the confinement ot prisoners during 

the day 64 

Prisons for the confinement of prisoners during 

the night 50 

Hot .houses 77 

Cooling houses 59 

Bath houses: 

Swimming halls 68 

Treatment rooms, massage rooms 77 

•Steam bath 113 

Warm air bath 122 

Hot air bath • 140 
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TABLE VII. 



Values of to When Applied to a Room. 



The temperatures of rooms not heated arc quoted aa 
follows, with the outside air at 4 degrrees below zero: 

Cellars and rooms kept closed .* 32 

Rooms often in communication with the outside air, 
such as passagres, entrance halls, vostibulos, etc. 23 
Attic rooms immediately beneath metal or slate 

roof 14 

Attic rooms immediately beneath tile, cement, or 
tar and gravel roof 23 



31. Heftt irlvem off from Llvhtu and from Perwona 
Wlthla tke Ro«a»i — ^As a credit to the heating system, some 
heating engrlneen take account of the heat radiated from 
the lights and the persons within the room. The following 
table by Rubner is quoted by Prof. Kinealy: 



TABLE VIll. 



Gas, ordinary split burner, B. t. u. per candle power hr. 300 

Gas, Argand " " " " " " 200 

Gas, Auer " " " 31 

Petroleum " " " 160 

Electric, incandescent " " " " " 14 

Electric, arc " " " " " 4.3 

According to Pettenkofer, the mean amount of lieat 

given ofC per person per hour is 400 heat units for adults 
and 200 for children. 
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rURNACB HEATING AND YBNTILATINO. 



PRINCIPLES OF DESIGN. 

82. Funiace Systenui Compared with Other STstenuii — 

The plan of heating: residences and other small buildingrs 
by furnace heat, in which the air serves as a heat carrier, is 
a very common one in this country. Some of the points in 
tsivor of the furnace system are: low cost of installation, 
lieatiner combined with ventilation, and the rapidity with 
-which the system responds to light service or to sudden 
chaneres of outdoor temperatures. Compared with that of 
other heatlnfiT systems, the furnace system can be installed 
for one-third to one-half the cost. In addition to this, the 
fact that ventilation is so easily obtained, and the fact that 
a small fire on a mild day may be sufficient to remove the 
chill from all the rooms, give this method of heating many 
advocates. The objections to the system are: cost of operation 
when outside air is circulated, difficulty of heating the 
windward side of the house, and the contamination of the 
air supply by the fuel gases leaking through the Joints in 
the furnace. In a good system well installed, the only 
objection to be seriously considered is the difficulty of heat- 
ing that part of the house subjected to the pressure of the 
heavy w^ind. The natural draft from a warm air furnace 
Is not very strong at best and any differential pressure 
in the various rooms will tend to force the air toward the 
direction of least resistance. The cost of operating can be 
controlled to the satisfaction of the owner, consistent to his 
ideas of the quality of the ventilation needed. Arrange- 
ments may be made to carry the warm air from the room 
back again to the furnace to be reheated, in which case, 
if the fresh air be cut off entirely, the cost of heating Is 
about the same as that of any system of direct radiation 
having no provision for ventilation. Any amount of fresh 
air, however, may 1 " taken from the outside for the pur- 
pose of ventilation, thus requiring the same amount of air 
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to b« exhausted at the room temperature and cauiln 
increased oost of operation, aa dlicussed In Art 36. 

SSl BneallBla at the Vammtt Srstemt^Fundamen 
thlH Inatallatlon must contain: lirat. a furnace upon [r 
settingB; aecond. a carefully dealg-ned and oonBtructed 
tern of fresh air supply and return ducts; and third 
warm air distributing' leaders, stachs and registers. 
13 allows. In elevation, a comrmon arrangement of i 
easentlalB, and gives, also, the air circulation hy ■ 




The Installation shown la rendered flerlbl 
tlon by the basement dampers, proper adjustmei 
I will mllow fresh air to be tikcn from either 
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of the house or furnished to the pit under the furnace by the 
duct from the first floor rooms. This return regrister is 
usually placed in the hall, under the stairway, or in some 
room which is grenerally in open connection with the other 
rooms on the first floor, as a largre living room. 

84. PolBts to be Calenlated Ib a Furnace Deslffni — Be- 
sides the calculated heat loss. If, which of course would 
probably be the same for all methods of heating, other 
points in furnace design would be taken up in the follow- 
ingr order: first, find the cubic feet of air needed as a 
heat carrier and determine if this amount of air is sufficient 
for ventilation; then calculate the areas of the following: 
net heat register, gross heat register, heat stack, net 
vent register, gross vent register, vent stack, leader pipes, 
fresh air duct and total grate area. From tlio total grate 
area the furnace may be selected. 

85. Atr ClrealatlOB Ib Famace Heat las i — The use of air 

in furnace heating may be considered from two standpoints, 
each very distinct in itself. First, air aa a heat carrier; 
second, air as a health preserver. The first may or may not 
provide fresh air; it merely provides enough air to carry 
the required amount of heat from the furnace to the rooms, 
i. e., to take the place of the heat lost by radiation plus 
the small amount that is carried away by tlie natural in- 
terchange of air from within to without the building, as 
would be true in any residence that is not especially planned 
to provide ventilation. With certain allowable temperatures 
at the various parts of the system, this volume of air may 
be easily calculated. One point here should be remembered: 
when the cubic feet of air per hour as a heat carrier is 
found at the register, this volume remains the same, no 
matter if it enters the furnace through a duct from within 
or without the building. So this plan may be both a heat 
carrier and a ventilator if desired, subject only to the 
amount of air required. The seco- plan requires that 
enough air be sent to the rooms to provide ventilation. If 
this amount is less than that needed as a heat carrier, all 
well and good, the first amount will be used; but if it 
should be greater, then the first amount will need to be 
increased arbitrarily to agree. This increased volume will 
theii be used instead of that calculated as a heat carrier 
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only. As previously stated, the cubic feet of air per hour ] 
as a ventilator may be taken as 1800 -N, where N is the 
number of persons to be provided for. See Art. '9. 

80. Air Required per Hour a« a Heat Carrier i— A safe 
temperature t, of the circulating air as it leaves the heat 
register, is 130 degrees. This may at times reach 140 de- 
grees but it is not well to use the higher value in the 
calculations. If, as is nearly always the case, the room 
air temperature, f, is 70 degrees, the incoming air will 
drop in temperature through 60 degrees and, since one cubic 
foot of air can be heated through 55 degrees by one B. t. u> 
(see Art. 27.), it will give off 60 -r- 55 = 1.09 (say 1.1) B. t. u. 

Let Q = cubic feet of air per hour as a heat carrier; B 
= total heat loss in B. t. u. per hour by formula; t = tem- 
perature of the air at the register; and f = temperature of 
the room air; then 

t — r 

Rule. — To find the cubic feet of air necessary to carry the "heat 
to the rooms, multiply the heat loss calculated by formula by Afty- 
five and divide by the difference between the register and the room 
temperatures. 

For ordinary furnace work this becomes 

n 



1.1 

Now if this air is not allowed to escape from the building, 
Jig. 13, but is taken back to the furnace and recirculated, 
the only loss of heat will be H, that calculated by the 
formula; but as a matter of fact, air thus used would soon 
become contaminated and wholly unfit for the occupants to 
breathe, hence, it is customary to exhaust through ventil- 
ating flues, either a part or all of the air sent from the 
furnace. This makes an additional loss of heat from 
the building corresponding to the drop in degrees from 70 
to that of the outside air. Let the temperature of the out- 
side air, to, be degrees, then the resulting heat loss would 
be (see also Art. 110 on blower work.) W = H plus {V — U) 
divided by 55 and multiplied by the amount of air intro- 
duced for ventilation. Stated as a formula for the special 
conditions, this becomes / 

JJ' = H -V 1.21 Qt, VXW 
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Ice for illUBtratlon the Slttlnsr Room» V\g, IB, end 
tr it under three conditions on a zero day: flrat, when 
air is recirculated; second, when only enough air is 
ted to grive good fresh air for ventilation; third, 
.11 the air is exhausted. Under the first case the loss 
formula is, say, 14000 B. t. u. per hour and no other 
experienced. In the second case, let three people oc- 
le room and allow 1800 cubic feet of fresh air per hour 
h person, or a total of 5400 cubic feet per hour, then 
tal heat loss from the room will be. Formula 18, 
f- 6400 X 70 -f- 56 = 20873, say 21000 B. t. u. The 
ase, where all the air is exhausted, grives 14000 4- 1.1 
7 cubic feet of fresh air exhausted at 70 degrrees, 
requires the same amount of fresh air beingr raised 
3ro to 70 degrrees to replace it. This necessitates the 
lion of 12727 X 70 -r 56 = 16198 B. t. u. additional, 
>tal heat loss of 30198, say 30000 B. t. u. per hour. 

e second condition is that which would be found most 
ctory. It is evident from inspection that the cubic 
air necessary as a heat carrier will supply excessive 
' ventilation in the averagre residence, and the de- 
need not necessarily consider the amount of air for 
tion except as he wishes to investlgrate the size of 
mace, the amount of coal burned or the cost of 
;; the latter being: in direct proportion to the respect- 
al heat losses. (See also Art. 60.) 

•LIGATION. — Referring to Table IX, page 63, the calcu- 
mount of air per hour for the various rooms and for 
ire building may be found. 

Is thlu Amount of Air Sufficient for Ventilation if 
from the Outside? — Take the 13 X 15 X 10 foot sitting 
Fig. 15. Let the estimated heat loss be 14000 B. t. u. 
ur, then Q — 12727 cubic feet. With a room volume 
) cubic feet, the air will change 6.5 times per hour, 
lowing 1800 cubic feet of air per person, will supply 
people with good ventilation if fresh air be used, 
as a formula, this would be 

H H 

2f = = approx. (16) 

1.1 X 1800 2000 

latter of fact, ventilation for half this number would 
le In an ordinary residence room exceptVns oti^xVc^qt- 
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dinary occasions. So it would seem that the su1>ject of 
ventilatin^r air will be more than taken care of if the ducts 
and regristers are planned to carry air for heatlner purpOBes 
only. 



38. Given the Heat IjOm H and the Volume of Air Q' for 
any Room* to find t» the Temperature of the Air E«nterins at 
the Regriaters — If for any reason Q is not sufficient for ven- 
tilation, then more air must be sent to the room and the 
temperature dropped correspondin^rly to avoid overheating 
the room. Let Q' = total volume of air per hour, including 
extra air for ventilation, measured at the register, then 

55 n 

< = 70 + (17) 

Q' 

Rule. — When it is necessary for ventilation purposen to cinM' 
late more air than that calculated from the heat loss formula, then 
the temperature at the register will he found hy adding to seventy 
degrees the amount found by multiplying the heat loss by flfty-fivt 
and dividing by the cubic feet of ventilating air. 

Application. — Suppose it were necessary -to send 1800> 

cubic feed: of fresh air to this sitting room per hour to ftc- 

commodate ten people, the tenvperature of the air at tli< 

register should be 

65 X 14000 

I = 70 + = 113». 

18000 

39. Net Heat Refflsterst — The velocity of the air v, 
as it leaves the heat regisiter, varies from 3 to 4 feet p0r 
second according to different designers. The first figurt 
is objected to by some because it gives too large reglsttf 
areas; while the latter value is claimed to be grreat enoofb 
th£ut the occupants of the room will notice the movement 
of the air. Practice no doubt tends to the higher velocity. 
Most heat registers in residences are placed at the fioor 
line. If, however, they be placed above the heads of tilt 
occupants of the room (see Art. 102), higher velocities than 
the ones named can be used. The general formula for net 
registers is 

H X 55 X 144 

y. B. B. = (II) 

(« — r) X r X 8600 

Rule. — To find the square inches of net heat register, mnUM 
the heat loss calculated by formula by two and tu)o-tentha and i^ 
vide by the product of the velocity in feet per second time$ tk$ 
difference in temperature between the register and the room olr. 
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Assumingr a mean velocity of 3.5 feet per second, and 
degrrees drop In tentperature from the register to the 

pm, then the square inches of net regrister for any room 

e found by the formula: 

JJX 55 X 144 

N. B, R, = = .01 // (19) 

60 X 3.5 X 3600 

441. Net Teat Restotent — Vent registers should be put 

with any furnace plant, although this is not always done. 

I order that any room may be heated properly, it is abso- 

tely necessary that the cold air in the room be allowed 

escape to ffive room for the heated air to come in. This 

some cases is done by venting through doors, windows 

' transoms. A tightly closed room cannot be properly 

iated by a furnace. 

If all the air were to pass out the vent register at the 
.me velocity as it entered through the heat register, the 
'ea of the vent register would be to the area of the heat 
gister as the ratio of the absolute temperatures of the 
aving and entering air; that is, the area of the vent 
tgister = .9 of the area of the heat register. As a matter 
* fact, since some of the air leaves the room through other 
>ening8, the vent register need not be so large. Practice 
IS decided this area to be about 

N. y. R, = .008 H = .S N. H. R. (20) 

41. Gross Register Areas — The nominal size, or catalog 
ze, of the register is usually stated as the two dimensions 
! the rectangular opening into which it fits, and varies 
om 1.5 to 2 times the net area. The larger value is prob- 
bly the safer to follow unless the exact value be known 
)r any special make of register. Floor registers have 
eavier bars and consequently for the same net area have 
smewihat larger gross area. 

G. R. = (1.6 to 2) times the net register (21) 

:ound registers may be had if desired. Register sizes may 
e found in Tables 17 and 19, Appendix. 

42. Heat Stackss — ^To get the proper sizes of the stacks 
1 any heating system is a very important part of the de- 
gn of that system. By some designers the cross sectional 
rea is taken roughly as a certain ratio to that of the net 
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regrister. This has been quoted anywhere from 60 to 90 
per cent. Such wide variations between extremes of air 
velocity should certainly require careful application. Prot 
Carpenter in H. and V. B. Arts. 54 and 141, sug^rests 4, 6 
and 6 feet per second respectively, as the air velocities for 
the first, second and third floors. Mr. J. P. Bird, in the 
"Metal Worker" of Dec. 16, 1905, uses 280, 400 and 600 feet 
per minute, which is approximately 4.5, 6.5 and 8 feet per 
second under like conditions. The formula for cross sec- 
tional area of the heat stack, from formula 19, then becomeib 
if the velocities are 4, 6.6 and 7 feet per second. 



J? X 66 X 144 r.0091 J71st floorl 

B. S, = = < , 0066 H 2nd floor [ (22) 

60 X (4, 5.6 or 7) X 3600 1. 0052 J? 3rd floorj 

Rule. — See rule under net heat registers with changed value 
for velocity. 

The air velocity in the stack Is based upon the formula 

V = VSpT, where h = (effective height of stack) X (* — f) + 
(460 + *'); V is in feet per second; t is the temperature of 
the stack air and V is the temperature of the room air. 
The calculated results from this formula are much higher 
than those obtained in practice because of the shape ot 
cross sections of the stack, the friction of its sides and the 
abrupt turns In it. 

From the basis of the net register (figured at 3.6 feet 
per second) the two quotations by Carpenter a..d Bird giy9 
heat stack areas as follows: first floor, 80 to 88 per 
cent.; second floor, 65 to 70 per cent.; and third floor, 44 to 
60 per cent. Good sized stacks are always advisable (see 
Art. 55), but because of the limited space between the stud- 
ding it becomes necessary at times to put in a stack that 
is too small or to increase the thickness of the wall, a thiof 
which the architect is occasionally unwilling to do. From 
the above figures, checked by existing plants that are 
working satisfactorily, the following approximate fierurefl^ 
reduced to the basis of the net heat register area, will BO 
doubt give good results. 

r.8 times the net heat register. 1st floor "^ 
H. 8, =-{ .66 times the net heat register. 2nd floor y (IS) 
L.5 times the net heat register. 3rd floorj 

43. Vent Stacks: — 7. 8.= .S H. 8. (24) 

44. Leader Pipes t — Since all the air that passes throuffc 
the stacks must pass through the leader pipes. It seetti 
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reasonable to assume that the areas of the two would be 
equal. It must be remembered, however* that the stacks, 
because of their vertical position, offer less resistance in 
friction, while on the other hand the loader pipes, beinff 
nearly horizontal and having more crooks and turns in 
them, will have considerable friction and will consequently 
retard the air to a greater degree. There will also be some 
loss of temperature in the air as it passes through the 
leader pipes, consequently the volume of air entering the 
leader from the furnace will be greater than that going 
up the stack. 

It would be well, from the above reasons, to make the 
area of the leader pipes 

£. P. = (1.1 to 1.2) times the stack area, (25) 

the exact figures to depend upon the length and inclination 
of the leader and the selection of the diameter of the pipe. 

45. Fresh Air IHiets — The area of the fresh air duct is 
determined largely by experience as in the case of the vent 
register. It is generally taken 

F, A, D,=: .8 times the total area of the leaders. (26) 

Assume the average velocity of the air in the leaders to be 
6 feet per second and the area of the fresh air duct to be 
as shown above, then, if the air in each were of the same 
temperature, the velocity in the fresh air duct would be 
6 H- .8 = 7.5 feet per second; but since the temperatures 
are different the velocities will be in proportion to the ab- 
solute temperatures. Hence it is, at degrees, .78 X 7.5 -= 
6.8; at 25 degrees, .82 X 7.6 = 6.2; and at 50 degrees, .88 
X 7.5 = 6.6 feet per second. It is seen by this, that al- 
though the area of the fresh air duct is contracted to 80 
per cent, of that of the leaders, the velocity is in all 
cases below that of the leaders. It is always well to have 
a fresh air duct that is large in cross sectional area and 
free from obstructions and sharp turns. 

46. Grate Areas — The grate area of a furnace is esti- 
mated from the total heat lost from the building, figured 
on a basis of a certain degree of ventilation. In obtaining 
the grate area it is necessary to assume the quality of the 
coal, the efiSciency of the furnace and the pounds of coal 
burned per hour per square foot of grate. T\v© ^vvnaWX^j ^^. 
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coal selected would be between 12000 and 14000 B. t. u. pef 
pound as shown in Table 14, Appendix. The efficiency of 
■ the averagre furnace is about 60 per cent., and the coal 
burned per square foot of grate per hour ransres from 8 to 
7 pounds. Concerning the last point there may be a wide 
difference of opinion. Higher temperatures in the combuf- 
tion chamber are conducive to economy, because of the 
radiant heat of the fire; hence, to reduce the size 
of the fire pot, and fire small amounts of coal with 
greater frequency would seem, to be the ideal way. Ob 
the other hand, with high temperatures in the combustloii 
chamber, the loss up the chimney is increased. Probably 
the one factor which is most effective in settling this point 
is the inconvenience of frequent firing. Furnaces art 
charged from two to four times each twenty-four hours. 
This requires a good sized fire pot and a possibility of 
banking the fires. To allow 5 pounds per hour is probably 
as good an average as can be made for most coals in fur- 
nace work. 

Let W = total heat loss from the building including 
ventilation loss; E = efficiency of the furnace; / = value of 
coal in B. t. u. per pound; and p = pounds of coal burned 
per square foot of grate per hour; then the formula for th« 
square inches of grate area is 

W X 144 
<?. A, = (27) 

^ X / X p 

Rule. — To find the square inches of grate area for any furnace, 
multiply the total heat loss 'from tJie building per hour &y one 
hundred and forty-four and divide by the quantity found by tnulti' 
plying the total pounds of coal burned per hour by the heat value of 
the coal and the efficiency of the furnace. 

Application. — In the typical Illustration, the total heat loss 
on a zero day by formula is, say, 100000 B. t. u. per hour. 
This will require 90909 cubic feet of air as a heat carrier. 
Assuming as a maximum that 10 people will be in the 
house and that they will need 18000 cubic feet of fresh air 
per hour for ventilation, this air will carry away approx* 
imately 22900 B. t. u. per hour, making a total heat loM 
from the building of 122900 B. t. u. per hour. Now, if the 
furnace is 60 per cent, efficient and burns 5 pounds of 
14000 B. t. u. coal per hour per square foot of grate, we 
wJJJ have 
^ ^ 122900 X 144 . ^ ^^ n . %. 

'60 X 14000 X 5 
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diameter. With coal at 13000 B. t. u. per pound, the sri'ate 
would be 464 square Inches or 24 inches diameter. In either 
case a 24 inch grate would be selected. With the assump- 
tions as made above, the formula becomes O. A. = .0035 U* 
for the better flrrade of coal, and G. A. = .0087 H' for the 
poorer errade, from which the following approximate form- 
ula may be taken: 

G. A. square inches = .0036 H' (28) 

47. Heattns Surfaces — The amount of heating: surface 
to be required in any furnace is rather an indefinite quantity. 
Manufacturers differ upon this point. Some standard may 
soon be looked for but at present only rougrh approximations 
can be stated. One of the chief difficulties is in determin- 
iog what is, or what is not, heating surface. Some quota- 
tions no doubt include some surface in the furnace that is 
very inefficient. In estimating, only prime heating surface 
should be considered, i. e., such plates or materials having 
direct contact with the heated flue gases on one side and 
the warm air current on the other. If these plates trans- 
mit Kt B. t. u. per square foot per degree difference of tem- 
perature, tg, per hour; if, also, one square foot of grate 
gives to the building E X f X p B. t. u. per hour, there will 
be the following ratio between the heating surface and 
^rate surface: 

H. 8. E f p 

= (2S) 

G. 8. Ktn 

Application. — Let the value K tu be 2500, as suggested by 
W. G. Snow, Trans. A. S. H. & V. E., 1906, page 133, and 
with the same notations as in Art. 46 obtain 

B, 8. .6 X 14000 X 5 

= 17 



G^. 8. 2500 

In practice this ratio varies anywhere between 12 and 30. 

In the investigations being made by the Federal Fur- 
nace League their furnaces show an average of 1% square 
feet of direct heating surface and 1 square foot of indirect 
heating surface per pound of coal burned in the furnaces 
per hour, making a total of 2% square feet of heating sur- 
face per pound of coal burned per hour. The average size 
7f the furnaces submitted for tests, and ^TO\i«u\iVj V^^ ^n^^- 
ere size of furnaces used in actual pracUce, Yvbjn^ ^ \.^^ ^^^- 
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pot diameter of 24 Inches and a bottom flre-pot diameter of 
21 inches, making: an average fire-pot diameter of 22 H inches 
and an averagre cross-sectional area of 2.83 square feet 
The averagre depth of pot in this size of furnace is about 
13% inches, and for the purpose of ratingr under the Fed- 
eral System would burn 7.2 pounds of coal per hour per 
square foot of averagre fire-pot cross-section, makingr tbe 
ratio per square foot of grate surface about SM pounds of 
coal per hour. This gives a ratio of heating^ surface to 
grate surface of approximately 20 to 1. 

48. Application of the Above Fommlas to a Tern R««M 
Residences — In every design the calculations should be miAi 
very complete an I the results tabulated for easy referenot 
and as a means of comparison. Such a tabulation Is showi 
in Table IX, giving all the calculated quantities necessary tit 
the installation of the furnace system illustrated In Flga 
14, 15 and 16. The value of so condensing the work will bt 
readily apparent. The tabulation of the values nsti 
for the various terms of the formula facilitates ehedUiv 
and the detection of errors. Plans should be carefoUF 
drawn to scale and accompanied by a sectional elevatloa 
The scale should be as large as can conveniently be mada 
The location of the building with reference to the polati 
of the compass should always be given, as well as tbt 
heights of ceilings and the principal dimensions of eadi 
room. There will be a wide variety of practic3 In maklnff 
allowance for exposure, floors, ceilings, closets and smsU 
rooms not considered of sufficient importance to have Inde- 
pendent heat. The personal element enters Into this part of 
the work very largely. Such points as these are left ti 
the discretion of the designer who, after having had ooic 
siderable experience is able to Judge each caae very closely. 
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Diameter of srate allowing: ventilation for ten people = 
%4 Inches. Cold air duct = EG9 square Inehes = 18 X 32 Inchea. 

In HelectlDg the various stacks and leaders It would be 
Veil to Btandardlze as much as possible and !»void the extra 
expense of Installing so many Blaea. TWa can te 4qt>« « 
»ft» net are* IB not socrlflced. 
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CHAPTER V. 



FURNACE! HEIATING AND VIBNTILATING. 



SUGGESTIONS ON THE SELECTION AND INSTALLATION OP 

FURNACE HEATING PARTS. 

49. SelectloM of the Fnraacei — In sclcctlnfir a furnace 
for residence use or other heatlngr service, special attention 
should be paid to the followingr points: easy movement of 
the air. arrangrement and amount of heatingr surface, shape 
and size of the flre-pot, method of feedlngr fuel to the flro 
and type and size of the grrate. The furnace s<isc's and the 
air to be heated should not be allowed to pass througrh the 
furnace in too largre a unit volume or at too hish a velocity. 
The grases should be broken up in relatively small volumes, 
thus grivingr an opportunity for a largro heatingr surface. 
Concerning: the gras passagres themselves, it may be said 
that a number of small, thin passagres will be found more 
efficient than one largre passage of equal total area. This 
Is plainly shown in a similar case by comparing: the effi- 
ciency of the water-tube or tubular boiler with that of 
the old fashioned flue boiler; L e., a larg:e heating: surface 
is of prime importance. Ag:ain, it is desirable that the 
total flue area within the furnace should be g:reat enoug:h 
to allow the passagre of larg:e volumes of air at low velocities, 
rather than small volumes at hlg:h velocities. This permits 
of less forcing: of the Are and consequently lowers the tem- 
perature of the heating: surface. The latter point will be 
found valuable when it is remembered that metal at hig:h 
temperatures transmits througrh its body a g:rcatcr amount 
of impure g:ases from the coal than when at low tempera- 
tures. Concerning: velocities, it may be said that on account 
of the low rate of transmission of heat to or from the 
gases, long: flue pas8ag:es are necessary, so that g:ases mov- 
ing: at a normal rate will have time to g:ive off or to take 
up a maximum amount of heat before leaving the furnace. 

Air is heated chiefly by actual contact with heated sur- 
faces and not much by radiation. Consequently, the ef- 
ficiency of a furnace is increased when it is desigrned so 
that the £:ase8 and air in their movement imping:e perpen- 
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dlcularly upon the heated aurfacea at certain placBB. Tlil« 
point should not be so exaggerated that there would Im 
serious Interference with the dratt. The eSlclency la also 
Increased If the general movement of the two ourrents be 
in opposite directions. 

Furnaces for resldencea are usually of the portable type. 
Pis'. IT, the same being enclosed In an outer shell composed 
of two metal casings having a dead air space or an asbes- 
tos Insulation between them. Some of tbe l&rs«r slial 




Fig n 

;, however have the furnace enclosed In a permaneol 
t of brick work as In Pig 18 Each of the 
types of furnaces give good results The points uai 
governing the selection between portable and permaneil 
settings are price and available floor space 

The cj llndrlcal Are pot Is probably better than a c 
leal or spherical one there being leas danger of the 
Clogging and becoming dirty A lined fire pot Is bel 
than an unllned one because a hotter fire can be malntaliied 
in It with less detriment to the furnace There Is of couni 
a loss of heating surface in the lined pot, and In some form! 
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nrnacei the flre-pot !■ unllned to obtain this InereaBFd 
Ins surface. It ■eeniB reaaonable to aiBUine, bowevar, 
tbe lined pot li lonser lived and contanilnktei th« air 





HEATING AND VENTILATION 



Some fo[im of ehaklnK or dumping grate shonid lie le- 
lacted, as e. stationary grate Is far from eatlBtactory. Can 
should be exerclBed also, In -the aelectlon of the mO'Vable 
grate, as some forma not only s'.lr up the Are l>ut permit 
much of It to fall through to waste when befng operated. 

The fuel la fed to the flre-pot from the door above t&e 
Are. This Is called a top-feed furnace. In same forma, how- 
ever, the fuel la fed up through the grate. This la called 
the under-feed furnace. Fig. ID, and Is rapidly gaining In 
favor. The latter type requires a rotary ring grate with 
the fuel entering up through Its center. 

The sine of the famace may be obtained from the attmaiti 
beating capadtv In cubic feet of room space as given in the 
sample Ta.b]i! IS, Appendix. Anpther and perhaps a bet- 
ter way, and one that serves as a gocd check "on the above, 
la to select a. furnace from tho calculated erate arta. See Art 
le. Having selected the furnace by the grate area, check 
this with the table for the estimated heating capacity 
and the heating surface to aee If thoy agree. 

What Is known as a combination heater Is shown In 
Pig. 20. It Is used for heating part of the rooms of a resi- 
dence by warm air, as In 




minder 



of the r 



thia 



1 ba 1 



tllated as well as heated 
may be connected by th* 
proper stacks and leaden 
to the warm air deltveriea 
of such a combination 
heater, while rooms requir- 
ing less ventilation or hMl 
only may have radlaton 
Installed and connected ts 
the flow and return plpM 
shown In the figure. Alac^ 
because of the dlfllcuItT 

rooms with warm air, then 
rooms may ba supplied br 
the positive heat of tM 



more reliable water circulation. 
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80. Iiocftttom of F«nui«ei — Where other thinfirs do 
not interfere, a furnace should be set as near the center 
of the house plan as possible. Where this is not wise or 
possible, preference should be griven to the colder sides, say 
the north or west In any case. It is advisable to have the 
leader pipes as near the same length as can be made. The 
lengrth of the smoke pipe should be as short as possible, 
but it will be better to have a moderately long smoke pipe 
and obtain a more uniform length of leader pipes than to 
have a short smoke pipe and leaders of widely different 
lengths. 

The furnace should be set low enough to got a good 
upward slope to the leaders from the furnace to their re- 
spective stacks. This should be not lea* than one inch per foot 
of length and more if possible. These leader pipes should be 
dampered near the furnace. 

The location of the furnace will call forth the best 
Judgment of the designer, since the right or wrong decis- 
ion here can make or mar the whole system more com- 
pletely than in any other manner. 

61« Fo«MdatioMi — ^All furnaces should have directions 
from the manufacturer to govern the setting. Each type of 
furnace requires a special setting and the maker should 
best be able to supply this desired information concerning 
it Such information may be safely followed. In any case 
the furnace should be mounted on a level brick or concrete 
foundation specially prepared and well finished with cement 
mortar on the inside, since this interior is in contact with 
the fresh air supply. 

52. Fresb Air Dveti — This is best constructed of hard 
burned brick, vitrified tile or concrete, laid in four inch 
walls with cement mortar and plastered inside with ce- 
ment plaster, all to be air tight. The top should be covered 
with flag stones with tight Joints. The riser from this, 
leading to the outside of the building, may be of wood, tile 
or gralvanized iron, and the fresh air entrance should be 
vertically screened. The whole s-hould be with tight joints 
and so constructed as to be free from surface drainage, 
dirt, rats and other vermin. This duct may be made of 
metal or boards as substitutes for the brick, tile or concrete. 
Board construction is not so satisfactory, although It Is the 
cheapest, and whenerer used should be carefully constructed. 
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In addition to the openluK lor the a.dmJH8lon of tba 
fresh air duct, another opening' may be made under the 
furnace for the purpose of adtnlttlnK the duct which CB.rrle> 
the recirculated air from the rooms to the furnace. Both 
of these ducts should have dampers that may he opeaed or 
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closed. See Figs. 1 
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Fiar. 2 
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. Both ilucta should also be provM- 
t can be opened temporarily to the cellar 
t Is desirable to have two or more frwii 
r ducts leading' from the different sides of Che house ti 

furnace ao aa to get the beneflt ol 
any change In air pressure on- tlu 
outside of the building'. 

Proper arrangements may M 
made for pans of clear water In 11 
air duct near the furnace to k1i 
moisture to the air current, althoo^ 
only a small amount of motstnr* 
will be taken up at this point. 
most cases where molstenIn|f i 
are uaed. they are Installed In oos- 
nectlon with the furnace Itsell 
good way to moisten the air is to 
have tiiolatenlng pans built in 
behind the register face, Vlg. 
These pana are shallow and shonU 
not be permitted to seriously IntC^ 

Ing through the reglstM. 
' Dneti — A duct should be provldtt 
(rom some point within the building:, through the oellu 
and enteriag into the bottom of the furnace. This Is to 
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ry the warm air from the room back to the furnace to be 
reheated for use afirain "wiithin the buildingr. In many cases 
tin or sralvanized iron is used for the material for the 
recirculatingr pipe. Where this enters the furnace it 
should be planned with sufficient turn so that the 
air would be projected throufirh the furnace, 'thus 
placing: a hindrance to the fresh cold air from followinff 
back througrh this pipe to the rooms. The exact location 
of the same will depend, of course, on the location of the 
register installed for this purpose. The construction of the 
duct may agree with the similar construction of the fresh 
air duct. 

64. Leader Pipes i — ^All leader pipes should be round 
and free from unnecessary turns. They should be made 













Fig. 23. 



It 
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from heavy salvanlzed Iron or tin and should be laid to u 
upward pitch ol not leas than one Inch per toot of lengtilt 
and more If It can possibly be elveo. The conneotiona irltli 
the furnace should be Btraight, but If a turn Is necessarr. 
provide lon^ radlua elbows. All connections to risers or 
stacks should be made through long radius elbows. Sei 
angular shaped boott having attached collars are sometlm 
used, but these are not so satisfactory because ot the li 
plngenient of the air against the Hat side of the stack; alio 
because o( the danger of the leader entering too far Into 
the stack and thus shutting off the drafL Leaders should 
connect to the first floor registers by long radius 
bows. Leader pipes should have as few Joints as possible 
and these should be made firm and air tight. Fig. 23 sh 
different methods ot connecting between leaders and stacks, 
also between leaders and reglaters. 

The outside of all leader pipes should ba covered ti 
avoid heat loss and to provide additional safety to the plant 
The covering la usually one Or more thicknesses Of asbei- 




Rlsersi — The vertical air pipes leading tt 
called stacks or risers. They are rect- 
angular or oblong In section and are usu- 
ally fitted within the walL See Fig. IL 
The size of the studding and the distance) 
they are set, center to center, limit t 
effective area of the stack. All stacks 
should be Insulated to protect the wood- 
Work. This Is done by making the stack 
small enough to clear the woodwork b; 
at least one-quarter Inch and then wnp- 
plng It with some non-conducting material 
such as asbestos paper held In place b7 



ented double walled stacks having an ai' 
space between the walls all around. Th* 
outside wall Is usually provided with vest 
holes which allow the circulation of sir 
between the walls, thus protecting anf 
one part from becoming overheated. All 
stacks should be made Wltb tight Joint! 
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and should have ears or flaps for fastening to the studding. 
Patented sacks are made in standard sizes and of various 
leng-ths. The sizes ordinarily found in practice are about 
as given in Table 19, Appendix. 

A stack is sometimes run up in a corner or in some 
recess in the wall of a room where its appearance, after 
beinfiT finished in color to compare with that of the room, 
would not be unsigrhtly. This is necessary in any case 
where the stack is installed after the building: is finished. 
This method is desired by some because of its additional 
safety and because more stack area may be obtained than 
is possible when placed within a thin wall. 

All stacks should be located in partition walls looking 
toward the outside or cold side of the room. This protects 
the air current from excessive loss of heat, as would be the 
case in the outside walls. It also provides a more uniform 
distribution of air. 

The area of the stack best adapted to any given room 
is another point in furnace work which brings out a wide 
diversity of practice. Results from difTcrent installations 
show variations as great as 50 per cent. This is not so 
noticeable in the first floor rooms as it is in those of the 

m 

second floor. In a great many cases the architect specifics 
light partition walls between large upper rooms, say, four 
inch studding set sixteen inch centers, between twelve foot 
by fifteen foot rooms, heavily exposed. From theoretical 
calculation of heat losses, these rooms require larger stacks 
than can be placed between studding as stated; however, it 
is very common to find such rooms provided for in this way. 
One possible excuse for it may be the fact that the room is 
designed for a chamber and not for a living room. Any 
sacrifice in heating capacity in any room, even though it be 
used as a sleeping room only, should be done at the sug> 
gestion of the purchaser and not at the suggestion of the 
architect or engineer. Every room should be provided with 
facilities for heat as though it were to be used as a living 
room In the coldest weather, then there would be fewer 
complaints of defective heating plants and less migrating 
from one side of the house to the other on cold days. 

This lack of heating capacity for any room is some* 
times overcome by providing two stacks and registers in- 
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•te>d of one. This plan (a very aatlHlactor^ beeauie om 

o( tlia resistors may be aliut off In moderate weather; hoT- 
BTer, It requires an additional expense which Is scarcelT 
JUBtltled. A possible Improvement would be for the arcbl- 
tecC to anticipate such condiitlona and provide sultabls 
partition walls bo that ample stack area could be put In. 
The Ideal conditlone will be reached when the architect act- 
ually provides air ah arts of aufflcient a lie to accommodate 
either a round or a nearly square stack. When thia time 
comes a great many of the furnace heatlnff dlfflcultlea will 
have been solved. 

A double stack supplying- air to two rooms Is some- 
times used, having a partition separating the air CurTeDts 
near the upper end. This practice Is questionable because 
of the liability of the pressure of air In the room on tho 
cold side of the house forcing the heated air to the other 
room. A better method Is to have a stack for each room 
to be heated. 

OS. Vent Stackai— Vent stacks should be placed On the 
Inner or partition walls and should lead to the attic The? 
may there- be gathered together In one duct leading to * 
vent through the roof if desired 

DT. Air ClicnlatlOB Wltbln the Boomi— The location ol 
the heat register, relative to the vent register, will deter- 
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mine to a largre decree the circulation of the air within the 
room. Fig:. 25, a, b, c and d, shows clearly the effect of the 
different locations. The best plan, from the standpoint of 
heating:, is to enter the air at a point above the heads of the 
occupants and withdraw it from the floor line, at or near the 
same side from which the air enters. This grivcs a more uni- 
form distribution as shown by the last flgrure. It is doubtful* 
however, if this method will give the best ventilation in 
crowded rooms where the foul air naturally collects at the 
top of the room. Furnace heating: is not so well cared for 
in this regrard as are the other forms of indirect heating:, the 
air being admitted at the floor line and required to And its 
own way out. 

58. FaD-Fumace Heatlnir Syntemi — In larg:e furnace 
installations where the air is carried in long: ducts that are 
nearly, if not quite, horizontal, and whore a continuous sup- 
ply of air is a necessity in all parts of the building:, a com- 
bination fan and furnace system may be installed. These 
are frequently found in hospitals, schools and churches. Such 
a system may be properly desig:natcd a mechanical warm 
air system. In comparison with other mechanical systems, 
however, it is simpler and cheaper. The arrangement may 
be illustrated by Fig. 96 with the tempering coils omitted 
and the furnace substituted for the heating coils. The fan 
should always be between the air inlet and the furnace so as 
to keep a slight pressure above atmosphere on the air side 
and thus reduce the leakage of the fuel gas through the 
joints of the furnace. By this arrangement there is less 
volume of air to be handled by the fan and a smaller sized 
fan may be used. 

Fan-furnace systems may be set in multiple if desired, 1. 
e., one fan operating in connection with two or more fur- 
naces. 

Fig. 26 represents a two-furnace plant showing the 
fan and the two furnaces. The air is drawn into the fresh 
air room through a grate in the outside wall and is forced 
through the fan to the furnaces where it divides and passes 
up through each furnace to the warm air ducts. Part of 
the fresh air from the fan is by-passed over the top of the 
furnaces and is admitted to the warm air ducts through 
mixing dampers. These dampers control the amount of 
hot and cold air for any desired temperature ol \.\\fe tj\\t.- 
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ture. Temperature control may be applied, also air wdshlnR 
and humidifying apparatus can be Installed and operated 
wltb satisfaction. Paddle wheel fana are preferred, al- 
though the disk wheel may be used where the pipes ar« 
large and where the air must be carried but short distance)- 
For tan types see Chapter X, 

66. SncKcsiloDa tor OperatiBg Fnmaccai — Pamaees an 
designated hard coal and soft coal, depending upon the type and 
the construction ot the grate, hence the grade of coal beat 
adapted to the furnace ahould be used. The sIbb of the open- 
ings In the grate should determine the size of the ooal used- 
Keep the (Ire-pot well fllted with coal and have It event; 
distributed over the grate. 
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Keep the fire clean. Clinkers should be removed from 
the fire once or twice dally. It Is not necessary to stir the 
fire 80 completely as to waste the coal through the grrate. 

When replenishing a poor flrc do not shake the fire, but 
put some coal on and open the drafts. After the coal Is well 
igrnited clean the fire. 

The ash pit should be frequently cleaned, because an 
accumulation of ashes below the grrate soon warps the grrate 
and burns It out. 

Keep all the dampers set and properly workinnr. 

Have a damper In the smoke pipe and keep K op<>n only 
so far as is necessary to create a draft. 

Keep the water pans full of water. 

Clean the furnace and smoke pipe thorougrhly in all parts 
at least once each year. 

Keep the fresh air duct free from rubblnh and impurltlCH. 

Allow plenty of pure fresh air to cntor tlie furnace. In 
cold weather part of this supply may bo cut ofT. 

Have the basement well ventilated by moans of outside 
wall ventilators, or by special ducts loadlnf? to the attic. 
Never permit the basement air to be circulatid to the living 
rooms. 

To bank the fires for the night, clean the fire, push the 
coals near the rear of the grate, cover with fresh fuel to 
the necessary depth (this will be found by experience), set the 
drafts so they are nearly closed and open the flrc doors 
slightly. 

00. Detenu ImatlOB of the Best Ontnlde Temperatare to 
Use la Deslffm SBd the Costs iBvolved In Ileatlnff by Fur- 
Baceis*— As a basis for the work of the heating and venti- 
lating engineer it is necessary that he be well acquainted 
with the temperature conditions In the locality where his 
services are employed. He jshould compile a chart showing 
extreme and average temperatures covering a period of 
years and with this chart a fairly safe estimate may be 
made upon the costs Involved -in operating any heating 
and ventilating system during any part of the average 
season or throughout the entire heating season. Any costs 
of operation arrived at are only illustrative of method and 
probability, however. All one can say is that If the tem- 
perature in any one season averages what is shown by the 
average curve for the period of years investigated, then 
. the cost in operating the system may be easily shown by 
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calculation. Costs in heating are relative figures only and 
cannot be predetermined exactly except under test condi- 
tions. The heating engineer should also know the mini- 
mum outside temperatures covering a period of years in 
that locality so as to determine upon an outside tempera- 
ture for his design work. Any design is somewhat of a 
compromise between average conditions and the minimum 
or extreme conditions, approaching the extreme rather than 
the average. Patrons are willing that the heating systems 
be designed so as to give normal temperatures in the rooms 
on all but a few of the coldest days. These minimum con- 
ditions usually have a duration of from two to ttiree days 
and it would not be considered good engineering from an 
economic standpoint to design the system large enough to 
heat to norm,al inside temperature on the coldest day ex- 
perienced in a period of years. The plant would be too 
large and would require too much financial in-put. As an 
illustration of the method of obtaining the outside tem- 
perature to be used in design, also methods of determining 
approximate costs for heating, see Fig. 27. This has been 
worked up as an average for the temperatures of each of 
the days respectively between September fifteenth and May 
fifteenth, covering a period of thirty years, at Lincoln, 
Nebraska. The minimum temperature curve includes the 
outside temperatures for December 1911, and January 1912, 
which may be regarded as a period of unusual severity. 
Referring to the chart it will be seen that a cold period of 
one month was experienced from December nineteenth to 
January twenty-first, reaching its minimum temperature of 
— 26° on January twelfth. If this curve were assumed to 
be the most severe weather that would be found in this 
locality, then by a study of conditions one may easily de- 
termine a good value for outside temperature in desigii 
There were twenty days when the temperature was below 
zero, twelve days below — 5°, six days below — 10**, four 
days below — 15°, two days below — 20°, and a part of one 
day below — 25°. Each of the extreme and sudden drops 
were such as to last from two to three days and were only 
experienced In two or three Instances. It is very evident 
that a system designed for 0° outside would fall far short 
of the requirement even when put under heavy stress. On 
the other hand one designed for — 25*» outside would .actu- 
ally come up to its capacity for only a part of one Ojx$ ^^ 
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HO tiea-liag days. One deilKtiPd lor — 10' would 

ndltlons without forcing excepting' Ot two or thre* 
3( very short duration, at which times the system 
• fcnaA sufflolently without detriment. The per- 
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for ample service at all but one or two of the cold periods 
of short duration and the system w<ill be considered very 
satisfactory from the standpoint of size and capacity. Any 
additional amount put in would be an investment of money, 
which is scarcely justified for the small percentage of time 
that this additional capacity would be called for. 

After the minimium outside temperature has been de- 
cided and the plant is designed, one would like to know 
the probable expense in handlingr such a plant throughout 
the heating season. Assume an inside temperature thrftugk' 
out the building of 70°. ComJbine the two half months, Sep- 
tember and May, into one month, and take the average of 
these average temperatures for the days of each month, 
thus giving the drop in temperature between the inside 
and the outside of the building. The heat loss from the 
building is then proportional to these drops in tempera- 
ture. In this case the differences are as follows: 

(September + May 7® below 70® 

October 17*» 

November 32.3<» 

December 44** " " 

January 48.7® 

February 45® " " 

March 34® 

April 19.5® 

Taking the sum of all these dliTerences as the total 
1007o, and dividing each individual difference by the total 
we have the percentages of loss for the various month' 
as follows: 



II 



«i 



<i 



« 



«i 



September + May 2.84% of total yearly loss 

October 6.9 % 

Novem»ber 13.1 % 

December 17.8 % 

January 19.7 % 

P'ebruary 18.2 % 

March 13.7 % 

April 7.9 % 



« 



These percentages of loss indicate what may be eX* 
pected in the expense for coal at various times of the heat- 
ing year, based upon the average temperatures existing !• 
the past thirty years. From this the heat loss has beei 
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calculated for the sample dcslfcn stated under Furnace 
Heatingr. The results are shown upon the chart in tons 
of coal per year, assuming that the entire house is heatod 
to 70° upon the Inside for each hour between September 
fifteenth and May fifteenth. The lowest curve is that for 
direct radiation only. The next superimposed curve as- 
sumes fresh air for ten people. The third curve assumes 
one-half of the required air to be recirculated and the upper 
curve asisumes all the air to be freah air. 
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DESCRIPTION AND CLASSIFICATION OF THE SYSTEMS. 

01. Hot Water sBd Steam Syntenis Compared to Far- 
.ee Systefluii — ^As compared to tlie warm air or furnace 
eint, the hot water and the steam installations arc more 
mplicated in the number of parts; they use a more cum- 
rsome heat carrying: medium, for which a return path to 
e boiler must be provided; and have parts, in the form 

radiators, which occupy valuable room space. But the 
earn and hot water plants have the advantagre in that 
eir circulations, and hence their transference of heat, 
e quite positive, and not affected by wind pressures. A 
it water or a steam system will carry heat Just as readily 

the windward side of a house as it will to the leeward 
de, a point which, with a furnace installation, is known 

be quite impossible. Furnace heatingr. on the other hand, 
M the advantagre of inherent ventilation, while the hot 
iter and steam systems, as usually installed, provide no 
ntllation except that due to air leakage. 

92, Tke Parts of Hot l^lTater and Steam Systems t — ^A hot 

iter or a steam system may bo said to consist of three 
incipal parts: first, the boiler or heat grenerator; second, 
e radiators or heat distributors; and third, the connecting: 
pe-lines, which provide the circuit paths for the hot water 
the steam. In the hot water system it is essential that 
e heat grenerator be loco^ted at the lowest point in the 
rcuit, for, as was explained in Art. 5, the only motive 
rce is that due to the convection of the water. In the 
eam system this is not essential, as the pressure of the 
earn forces it outward to the farthest points of the system, 
be water of condensation may or may not be returned by 
ravity to the boiler. Hence, with a steam system a radiator 
tay be placed below the boiler, if its condensation be trapped 
' otherwise taken care of. 
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1 speak Ins of the plplns of heatlu 
Installations, several terms, conunonly used by heatlns en- 
gineers, should be thoroughly understood. The larg-e I 
In the basement connected directly to the aoiirce of hast, 
and serving he feeders or distributors of the heating a 
dlum to the pipes running vertically In the tiulldlng. « 
known as maliii. The flow ouilna are those carrying steam 




Fig. ti. 



Big. S6, 



OF hot water from the source of heat towards the radlatoM 
and the return mains are those carrying water « 
condensation from the radiators to the source 
heat. Those vertical pipes In a building to wbld 
the radiators are directly connected are called i 
while the short horizontal pipes from risers to 
a,tors are usually termed riier ormi. As ttaera are 
mains and return mains, so also, there are flow riser* 
return risers. A radiator should have at least two tapplnn 
one below for the entry of the heating medium, and Q 
on the end section opposite, near the top for air dischatgl 
as shown by the connected steam radiator ot Pig. IS. '. 
may have three, a flow tapping and a return tapping at tM 
bottom of the two end sections, and the third or air tapplnf 
near the top of the end section at the return «nd aa al 
by the connected hot water radiator of Fig. SS. A n 
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sMa traversliiK the basement above the water line ol tba 
Ixiller la dsBlKDated as a, dry rtturn and carries both steam 
>nl water of condensation; one In such position below th« 
water line as to be filled with water Is dealgnated a mt 
"•"ni, and the returns of all two-pipe radiators connecting 
'1th wet returns are said to be lealtil 

M Clualfleatlomi— One claBBlflcallon of hot water and 
ateam Bystems Is based upon the poaltlon and manner In 
"lilch the radiators are used. The system which Is, per- 
bapB, most familiar la the one wherein radiators are placed 
directly within the space to be heated. This hcatlns Is ao- 



^M: 



Fls. 30. 
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eompUabed by dirtel radJadon and by air convection cur- 
rentB tbrougb the radiators, no provision being made for a 
Ohanse of air In the room. This Is known as the direct 
•rstein. and, while it causes movements of the air In the 
rooin. it produces no real ventilation. See Fig. 30. 

Te the dtrect-indtrect system, the radiator is also 
jOaaed witbin the space or room to be \v6aXfe4, ^mi. 'A*, \i-ww 
half ia BO encased and connected to t\ie ovLV8\a.ft Ql. XSva^-aSA 
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ing that fresh air is continually drawn up through the 
radiator, is heated, and thrown out into the room as shown 
by Fig. 31. Thus is established a ventilatiner system more 
or less effective. 

In the purely indirect sysiem. Fig. 32, the radlatlngr sur- 
face is erected somewhere remote from the rooms to be 
heated, and ducts carry the heated air from the radiator 
to the rooms either by natural convection, as in some in- 
stallations, or by fan or blower pressure, as in others. 
When all the radiation for an entire building is Installed 




' Fig. 32. 

together in one basement room, and each room of the build- 
ing has carried to it, its share of heat by forced air through 
ducts from one large centralized fan or blower, the system 
is called a Plenum System, and is given special -consideration 
tn Chapters X to XII. 

65. A second clasBlflcatlon of steam and hot water sys- 
tems is made according to the method of pipe connection 
between the heat generator and the radiation. That known 
as the one-pipe system. Fig. 33, is the simplest in construc- 
tion and is preferred by many for the steam installatiODB. 
As the name indicates, its distinguishing feature is the 
single pipe loading from the source of heat to the radiatori 
the steam and the returning condensation both usinfir thli 
path. In the risers and connections, the steam and con- 
densation flow in opposite directions, thus requirinfir larger 
pipes than where a flow and a return are both provided. 
In this system the condensation usually flows with the 
steam in the main, and not against it, until it reaches such ^ 
a point that it may be dripped to a separate return 
and then led to the boiler. In the so-called one-p^ 
hot water system, radiators have two tappings and two 
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Nsera. but the flow riser Is tapped out of the top ot the 
Wnsle buement main, while the return riser Is tapped into 
the bottom of that aame main by either of the special flt- 
Uns8 shown in section in Fig. 34. The theory la that the 
• .^^^ ^^^ hot water from the boiler travels 

^^^i ^^ ^^_ along the top of the horizontal base- 

■|T^^ — ^m ment main, while the cooler water from 
li I ■ I the radiators travels along the bottom 

Bj IL^mumbJ °t thla same main. Hence the neces- 



Q 



tapping flow risers Out Of the 
top and return risers into the bottom 
of this main, thus avoiding a mixing 
of the two streams. Where mains are 
short ana Bttalght a* \.ti \.\i%. «ma\\'« 
residence lnBta,\\o,ttOtt», Wa «*.«»• 



M 















tiat, wlierfc 
L a mixing 



T—i sr»j--j».^ f^ffORK L$ i.5^i T^ "iwMi sccAai and hot 
•m-i.ziT :=xii:iii_:-5. Frr n-iizz. -^rrk =i Is probably no 
t-c~*r liA- -:iLT :-^;:;^ «m~— ^:n frr i.ox vater work It 
iM =i-rL ;r=f-7rr=-i. Ir ••¥ 57-5^^=. two separate and dte- 
tlz,"' ;s.ijii =iT z~ zTs.z^± fr:— i=.T radiator to the sourea 
rf l*a:. I- z'-i -.i5T=f-i ir* iw: =zjirL«, the flo\r and the 
T^z:irr^ &-i li* nsrrs fr;~ ijifs-r are always run in pain, 
tL* £:iw ris^r :- :-e sii* if i zi-er cJ radiators, the retnn 
riser on the ciher siie. A :•»■:- jip< steazn system must 
Lave a 4eoZM rrtknL Tyrii^^I iwv>p:pe main and riser con- 
nfeCtSons are slow:: ;- Fig. !:. 






Fig. 35. 



Fig. 86. 



00. A third nyntem, known as the attic main, or Jfflk 
nynivm, Iiiih found much favor with heating: engrineers 1> 
t.li(« tiiHtal lilt ion of the larger steam plants althouerh it conM 
bo fip|)lI(Ml fiH W(>11 to the larger hot water plants. Tbi 
flint tn^cnlHlilMFT f(*aturo, when applied to a steam systenit 
Im llto (louMr nmin and single riser, so arranged that the 
roiiiltMiHiilttin and live steam flow in the same direction 
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lis is accomplished by taking the live steam directly to 
e attic by one largre main, which therp branches, as need 
, to supply the various risers, only one riser beingr used 
r each tier of radiators and the direction of flow of both 
earn and condensation in risers being downward. Hence, 
is system avoids the unsigrhtlincss of duplicate risers, as 
. the two-pipe system, and avoids the disadvantage of the 
le-pipe basement system, the last named having steam 
Qd condensation flowing in opposite directions in the same 
ipe. Fig. 36 shows two common methods of connecting 
Isers and radiators with this system. 

er. IMagranui for Steam amd Hot Water Piping Systems t 

—Figs. 37 to 43 inclusive show sonne of the methods for 
;onnecting up piping systems between the source of heat 
md the radiators. At the radiators A, B, C and D are shown 
lifferent methods of connecting between the radiators and 
naains. In every case the various forms of branches below 
the floor and behind the radiators are for the purpose of 
taking up the expansion. It will be noticed that the two- 
pipe steam systems have sealed returns where they enter 
the main return above the water line of the boiler. 

In some steam systems where atmospheric pressure Is 
maintained, special valves with graduated control admit steam 
to the upper part of the radiator. The returns enter Into a 
receiver near the boiler with a vapor and air relief to the 
atmosphere through some form of condenser, having an out- 
let pipe leading to an air shaft or to a chimney. The pres- 
sure upon this return is maintained in such a case approx- 
Inaately 14.7 pounds. The water type of radiator is used, 
Wing the sections connected both top and bottom and with 
this graduated control only that amount of radiation which 
U necessary to heat the room on a given day is employed. 
Such a system is economical, safe and can be operated in 
connection with any kind of radiation, f ig. 43 is typical of 
loeb aystems. 
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ONE PIPE. STEAM SYSTEM -BASEMENT MAIN 




FiS. 37. 



TWO PIPE STEAM SYSTEM -BA5EMLNT MAIN 




Fig. 38. 
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Fig. 31). 



ONE PIPC ^YSTLM-HOT \AftTER 




Fig. 40. 



I 
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TWO PIPL SYSTEM HOT WATER -BASE ME NT MAW 




Fig. 41. 




Fig. 42. 
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VAPOR SYSTEM OF 3TtAMl-t*TlN0 




S8. Aeeelerated Hot Water Hcatlnc Srstrnut — Improve- 

ni«iiti have been devlsvd for liot watt-r licatinK whereby the 
clrculallon of the water la Increased above tliat obtained by 
(he open tank arstem. By Increasing the velocity 0( the 
**ter, pipe Blzes may be reduced, resulting In an economy 
In the cost of pipe and fittings. In addition to this, where 
'be temperature o( the water la carried above that due to 
•tmoipherlo preESure, the radiation may theoretically be 
leduced below that (or the open tank xystem. How far 
'be>« economies may be pursued in designing Is a question 
"Well should be very carefully considered. In many cases 
the amount or radiation is kept the same and the chief dlC- 
'■rence merely that of pipe sizes. This article Is descriptive 
W several of the types of accelerated systems In use and Is 
"Dl Intended as a cr<ltlcal analysis of the merits of any one 
*• GMnpared to the others. 

Of all the principles employed for accelerating Che cIt' 
tolatlng water, four vrtll be mentioned. First, by Increas- 
'■W the prsMnre o( the open tank system thus raising the 
^''Operature above Hi degrees. Second, by superheating a 
(•n or all of the circulating water as U vaasft* ttittii^ ^S* 
""ter tad condenalng the steam thus lormei Vl TtA.T.\wt '^'^ 
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wltb « portion of the cold circulntinK water ot th« Fetnm 
TMrd, by Introducing steam or air Into the main f 
near the top of the Bystem. Fourth, by mechanically oper- 
ated pumps or motors. 

Descriptive of the first principle, FIc. 44 shows a 
Cury-BBBl tube connected between the upper point c 

main riser and the expansion tank. This to 
< dealsned to hold a pressure of about 10 poundi 

gage, the water from the system filling- t 
casement and pressing down upon the t 
of the mercury In the bowl. Increasing t 
pressure In the system lowers the level of tha 
mercury In the bowl and forces the mercurj 
up the central tube A until the differential 
pressure is neutralized by the static head al 
the mercury. It the pressure becomes great 
enough to drop the level of I 
the tube entrance, water and steam will torM 
through the mercury to chamber D and froa 
thence through the expansion tank to the over- 
flow. Any mercury forced out of the tobe i 
by the velocity of the water and steam, strlkei 
the deflecting plate and drops back throng* 
the annular opening B to the mercury botb 
below. As the pressure is reduced In (1 
system the mercury drops In tube J. to I' 
level of that in the bulb and water from It 
expansion tank passes down througl) ttt 
heating system to replace any tlul 
the expansion bank. This action U 
automatic and la controlled entirely by the pressure wltU' 
the system. The only loss, if any, la thai 
goes out the overflow. The above represents essentWlS 
what Is known as the Honeywell System of acceler«li* 
A modiflcatlon of the above Is used In ths CrIppB Bltt» 
In thla the mercury-acal Is placed beyond ■' 
tank and puts the expansion tank under p 

The second principle Is Illustrated by PigB. 46 anfl ** 



Fig. 44 
mercury-seal int 
has been forced 



P^g. 45, km 
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nslon lank by the watpr entering throuRh the liy-pM» 
I the return. The velocity of the stfam and water 
UfCh the motor pipes and the pB.r(lal vacuum ciLused by 
M>nden«atlQn In the mixer proiluces the acceleration up 




Fig. 45. 



I'-lBT. 



In the Jorgensen and Bruchner Systems tile heater K 
vera the hot water up the How pipe to a re^'ulator It, 
ire a separation takes place between the steam particles 

the water, thus causing an acceleration up the motor 
i to the eipanBlon tank A, The water In the flow pipe 2 
probably near to the temperature of that In 1. After 
sing through the radiators the water In 3 Is a't a lower 
iperature than that in 2. The steam particles which 
'e collected in the expansion tank d above the water line 

condensed In V. The acceleration In the system is thus 
iduoed by a combination at the upward movement of the 
am particles in motor pipe 1 'and the Induced upward 
Tent In 3 toward the condPnser T. It will be noticed 
the figures that the condensation In one system takes 
ce before the expansion tank and In the other system a.t.\-s-T 
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It has pnssed the pxpansion tank. Each of the systems tllai' 
tniteJ may be earned under pressure by a. safety valve i) 
at n or by an pipanslon tank located high enough to gl" 
autnclent static head. 

The third principle is well shown by what Is known ai 
thp liock ayateni. Vie- *' is a diagrammatic view and Pit 
iS a di'tiiil lit Iho accelerating part of the system. The 
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Fig. 47. 



Fig. 48. 



water pasaos directly fram the heater up the main rlKi 
where It enters the condenser C and thence into the eip*!' 
slon tank A as a supply Co the flow pipes of the sysK* 
ete.im from a separate boiler la admitted to the mlxd ' 
above tliG condenacr and enters the circulating Water JOl 
below the expansion tank. The velocity of the ateam ■>' 
the partliLl vai^uum caused by the condensation Inducei ■ 
current up the flow pipe to the expansion tanlc ^Vihen tU 
water level In Uie expansion tank reaches the top of tl* 
overflow pipe the water returns to the ateam boiler throufk 
the condenser C where It gives off heat to the upper cn(' 
rent of the circulating water. It will be seen that tU 
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water Id the lystem and the steftm from the boiler unite 
from the tnlet at tbe mixer to the eipanston tank. On all 
other parts of the ByBtems they are Independent 

Pis. <!> la a modification ol this same principle, wherein 
air la Injected In the riser pipe at B and causes the acceler- 
ation hy a combination of the par- 
1 produced by the steam 
I Just mentioned and 
the upnard current of the air par- 
ticles as In an air lift. Steam enters 
throug-h the pipe J and ejector U to 
the mixer at B where It la co 
densed. In passlns' through H i 
Is drawn from the tank B and en- 
ters the main riser with the steam. 
The upward movement of this air 
throuKh the motor pipe to the tank 
Induces an upward flow of the water 

tlon there are formed three com- 
plete circuits, water, steam and air, 
uniting; as one circuit from the mix- 
er B to the expanaloo tank E. The Fis. )». 
steam furnished In principle 3 may be 3upi)lk'd liy a separate 
steam boiler or by steam colls In the flro box ul a hot watiT 
boiler. 

In the fourth principle the acceleration la produced by 
some piece of mechanism as a pump or motor placed direct- 
ly In the circuit. Tble principle Is discussed under District 
Heating and will be omitted here. 

M. TaenBM Systens f»r Stennii — Most commonly, tbe 
Byatems mentioned, when etc am, are I net ailed aa the so- 
called low pressure systems, which term Indicates an abso- 
lute pressure of about IS pounds per square Inch or 3% 
pounds srage pressure. On extensive work. It has been 
found advantageouB to Install a vacuum system to increase 
economy, also to Insure positive steam circulation by prompt 
removal o( condensation through vacuum returns. Even 
for comparatively small residence Installations vacuum ap- 
plications of various kinds are becoming common. 

Vacuum ayttems may be divided Into *."»tQ c\ea*w». »*^- 
eoraing to the way In which the vacuum Vb ma,\nva.\ti*a.- T'Jt 
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comparatively small plants, not using exhau«t Bteam, tha 

vacuum Is maintained by mercury seal connectlooB, aad 
these plants are uauallf referred to as mercury seal vacuum 
ay sterna. These mercury seals may be attached to an; 
standard one or two-pipe system by merely replacins' the 
ordinary air valve by a special connection, which In real- 
ity la only a barometer. An Iron tube. Fig, 50, dips Just 
below the surface of the mercury in the well on the floor 
and extends vertically to the radiator air tap- 
ping to which the tube connects by a flttlng 
^ which will allow air to pass Into and through 
the barometer, but will not allow steam to 
pass. When the system Is flrst flred up and 
steam Is raised to several pounds gage, the air 
leaves all the radiators by bubbling through 
the mercury seal at the end of the vertical 
iron tube. It the Are Is then allowed to go oDt 
the steam will condense, and produce an al: 
perfect vacuum in the entire system, provided 
all pipe fitting has been carefully done. 
system may be operated as a vacuum system 
at 4 or 6 pounds absolute pressure and have 
the water boiling aa low as lEO to 100 degrees 
The flexibility ot this system recommenda I 
highly. Applied to a residence or store, tbi 
plant may be operated during the day at seV' 
eral pounds gage pressure, it necessary. Ml 
when flrea are banked for the night, steam re- 
1. mains In all pipes and radiators as long as 
temperature ot the water does not tall P 
below I5D degrecB. This Is In Sharp contrast 
with the ordinary aystem, where steam disap- 
pears from all radiators as soon aa the mtei 
■'•• "- l.mp.,.lur, drop, b.low !1! a.|sr..» 
promptness with which heat may be obtained In the udtd- 
ing la noteworthy, for. If the vacuum haa been malntalPtA 
steam will begin to circulate as soon aa the water has 
raised to about ISO degrees. According to demands ot tbg 
weather, the radiators may be kept at any temperatat* 
along the range Ot ISO to 220 degrees, thus glvlDC gMt 
flexlhillty. 
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Instead o( having a barometric tube at each radiator, 
one mercury seal may be aupplled in tiie baaement. a.nd the 
air tappings ot all radlatora connected to the top of the 
tube by K Inch piping. The Trane THCuum syBtcm Is usually 
so Installed, and la an excellent example of this vacuum 
typ«- 

The second class of vacuum systemit Includes those 
designed especially tor use In olflcc buildings, and where- 
In the vacuum la maintained by an aspirator, exhauster or 
pump of some desctlptlon. This exhauster may handlu only 




the air of the system, that Is, It may be connected only 
Id the air tappings of all radiators, as In the Paul system. 
Fig. El, or the exhauster may handle both air and con> 
densatlon and be connected to the return tappings of all 
radiators, as In the Webster system. Fig. 52. The Paul 
■Tstem la fundamentally a one-ptpe system, usinft exhaust 
or live steam and maintaining Its circulation without back 
pressure, by exhausting each radiator at Its air tapping, 
and also exhausting the condensation from the basement 
lank in which it has been collected by gravity. For an 



102 HEATING AND VENTILATION 

aspirator this system uses either air, steam, or 
as the conditions may determine. The Webster 
fundamentally a two-pipe system and exhausts 
radiators both the air and water of condensatioi 
ator returns being connected to the (usually) st€ 
vacuum pump. These systems are designed to use be 
and live steam, and hence are finding wide applica 
modern heating of manufacturing plants. See all 
IX. 



CHAPTER VII. 



HOT WATBR AND STBAM HBATINO. 



BADIATOBS. BOILBBS. FITTINGS AND APPLIAN0E8. 

• 

The various systems Just described are merely different 
lys of connecting the source of heat to the distributors 
heat, i. e., methods of pipe connections between heater 
Ld radiators. Many forms of radiators exist, as well as 
any types of heaters and boilers, each adapted to its own 
iculiar condition. It is in this choice of the best adapted 
laterial that the heating engineer shows the degree of 
is practical training, and the closeness with which he fol- 
3WS the latest inventions, improvements and applications. 

70. ClasslllcatloB as to Materials — Radiators may be 
classified, according to material, as cast iron radiators, 
;>re8sed steel radiators and pipe coil radiators. Cast radi- 
ators have the hollow sections cast as one piece, of iron. 
The wall is usually about M inch to % inch thick, and is 
Anally tested to a pressure of 100 pounds per square inch. 
Sections are joined by wrought iron or malleable nipples 
^hich, at the same time, serve to make passageways be- 
tween any one section and its neighbors for the current of 
Seating medium, whether of steam or hot water. Cast iron 
radiators have the disadvantage of heavy weight, danger 
^^ breaking by freezing, occupying much space, and having 
* comparatively large internal volume, averaging a pint and 
^ half per square foot of surface. 

Pressed radiators are made of sheet steel of No. 16 
^^Ke, and, after assembly, are galvanized both inside and 
Out Each section is composed of two pressed sheets that 
^^^ Joined together by a double seam as shown at a, Fig. 
^3* which illustrates a section through a two-column unit. 




Pig. 53. 

^he joints between the sections or units are of the same 
kind. It is readily seen that such construction tends to- 
ward a very compact radiating surface. Pressed radia- 
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tors are comparatively new, but, in their development 
promise much in the way of a ligrht, compact radiation. In 
comparison with the cast iron radiators, they are free from 
the sand and dirt on the inside, thus causingr less trouble 
with valves and traps. The internal volume will approxi- 
mate one pint per square foot of surface. See Plgr. 54. 

Radiators composed of pipes, in various forms, are 
commonly referred to as coil radiators. They are daily 
becoming less common for direct and direct-indirect work, 
because of their extreme unsightliness. PipingT is still 
much used as the heat radiator in indirect and plenum 
systems, although both cast and pressed radiators are now 
designed for both of these purposes where low pressure 
st3am is used. In all coil radiator work, no matter for 
what purpose, 1 inch pipe is the standard size. However, 
in some cases pipes are used as large as 2 inches in diam- 
eter. Standard 1 inch pipe is rated at 1 square foot of heat- 
ing surface per 3 lineal feet and has about 1 pint of con- 
taining capacity per square foot of surface. 

71. Clasalficatloii as to Forms — Radiators may again be 
classified in accordance with form, into the one, two, three, 
and four-column floor types, the wall type, and the flue 
type. See Fig. 54. These terms refer only to cast and 
pressed radiators. By the column of a radiator is meant 
one of the unit fluid-containing elements of which a sec- 
tion is composed. When the section has only one part or 
vertical division, it is called a single-column or one-columo 
type; when there are two such divisions, a two-column; 
when three, a three-column; and when four, a four- 
column type. What is known as the wall type radiator is 
a cast section one-column type so designed as to be of 
the least practicable thickness. It presents the appear- 
ance, often, of a heavy grating, and is so made aa to 
have from 5 to 9 square feet of surface, accordlngr to tb* 
size of the section. One-column floor radiators made with- 
out feet are often used as wall radiators. A flue radiator 
is a very broad type of the one-column radiator, the parts 
being so designed that the air entering between the sections 
at the base is compelled to travel to the top of the sections 
before leaving the radiator. This type is therefore well 
adapted to direct-indirect work. See Fig. 54. 
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Many special shapes of assembled radiators will be 
met with, but they will always be of somre one of the fun- 
damental types mentioned above. For instance, there are 
"stairway radiators/' built up of successive heights of 
sections, so as to fit along: the triangrular shaped wall under 
stairways; there are "pantry" radiators built up of sections 
so as to form a tier of heated shelves; there are "dining 
room" radiators with an oven -like arrangrement built into 
their center; and there are "window radiators" built with 
low sections in the middle and higher ones at either end, 
so as to fit neatly around a low window. Figr. 54 shows a 
number of these common forms as used in practice. 

72. Classification as to Heatlngr Medlmns — ^A third class- 
ification of radiators, according to heating: medium em- 
ployed, g:ives rise to the terms steam radiator and M 
water radiator. Casually, one would notice little difference 
between the two, but in construction there is a vital differ- 
ence. Steam radiation has the sections Joined by nipples 
along the bottom only, but hot water radiation has them 
joined along the top as well. This is quite essential to the 
proper circulation of the water. Steam radiation is always 
tapped for pipe connections at the bottom. Hot water rad- 
iation may have the flow connection enter at the top, and 
the return connection leave at the bottom, or may have 
both connections at the bottom. Hot water radiation can 
b heated very successfully with steam, but steam radla' 
tion cannot be used with hot water. 

73. High versus Low Radiators s — ^In the adoption of a 
radiator height, the governing feature is usually the space 
allowed- for the radiator. Thus, if a radiator of 2$ inches 
in height requires so many sections as to become too long; 
then a 32 inch or a 38 inch section may be taken. In gen- 
eral, however, low radiators should be used as far as 
possible, for, with a high radiator, the air passing up alonf 
the sides of the sections becomes heated before reaching the 
top, and therefore receives less heat from the upper batf 
of the radiator, since the temperature difference here I* 
small. Hence, the statement that low radiators are more 
efficient, that is, will transmit more B. t. u. per aqoMXi 
foot per hour than will the high radiators. 

The amount of heat that will be transmitted through a 
radiator to a room is controlled also by i\i^ w|dtU Qt tlrt 
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adiator, narrow radiators beinsr more efficient than wide 
nes. ConsiderinsT both heisrht and number of columns the 
3kte of transmission, used in formulas 30 and 31 as 1.7, would 
hansre to: 

1 column radiator, SO'' hlgrh 1.8 B. t. u. 
2 and 3 " " 30" " 1.7 

4 " «« 30* " 1.6 " 

'or hi£rh and low radiators this may be reduced or increased 
en per cent, respectively for a 48 inch and a 16 inch radiator. 

74. Effect of CoMdItloB of Radiator Surface ob the 
raiuiiiiiM»loB of Hcati — Tlie efflciency of a radiator depends 
ery larg\ely upon the condition of its outer surface, a 
ough surface griving: off very much mo-re heat than a 
tnooth surface. Painting. •])r()nzlnBr, shellacing: or cover- 
ig the radiatoo* In any manner affects tlie abiJIty of the 
adiator to impart heat to the air circulating around It. 
'arioud teats bearing upon this question have been con- 
ucted, agreeing fairly well in general results. A series 
f teats conducted by Prof. Allen at the Unlvers-Ity of 
[ichigan, indicated that the ordinary bronzejs of copper, 
Inc or aluminum caused a reduction In tlie efficiency below 
tiat of the ordinary rough surface of tlie radiator of 
bout 25 per cent., while white zinc paint and white enamel 
ave the greatest efficiency, being slightly above tliat of 
le originail surface Numerous coats of paint, even as high 
s twelve, seemed to affect the efflciency in no appreciable 
lanner, it being t-he last or outer coat that always de- 
»rmlned at what rate the radiator would transmit Its heat. 

7S. AmovBt of Svrfkce Presented by Various Radiators i— 

Table X, gives, according to the columns and heights, 
:he number of square feet of heating surface per section 
n cast and pressed radiators. This table will be found to 
;>re8ent, in very compact form, the similar and much more 
extended tables in the various manufacturers' catalogs. 
fLn approximate rule supplementing this table and giving, 
:o a very fair degrree of accuracy,* the square feet of sur- 
face in any standard radiator section, is as follows: mul- 
Hplv the hetght of the section in inches hy the numJ>er of columns 
and divide hy the constant 20. The result is the square feet of 
radiaUng eurfaee per section. The rule applies with least ac- 
curacy to the one-column radiators. 
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7S, Hot Water HcBteTBi — Heaters (Or eupplylngr tbe bot 

water to a heating ayatem may be divided Into three claaici^ 
— the round vertical, (or comparatively small installations; 
the sectional, tor plants o( medium size; and the water tuix 
or Are tube heater with brick setting (or the larger In- 
stallations and (or central station work. The round and 
aectlonal types usually have a ratio between grate and 
heating surface o( 1 to 20, while the water tube or Are tub* 
heater will have, as an average. 1 to 40. Many different 
arrangements of heating surface are In use to-day, even 
manufacturer having a product o( particular merit. Ti«d« 
catalogs supply the most up-to-date literature on tbli 
subject, but cuts of each of the types mentioned above nuT 
be found In Fig. BB. 

77. Steam Bollerai — The products ot many manufac- 
turers show but little difference between the hot water 
heater and the steam boiler. The latter is usually supplied 
with a somewhat larger dome to give greater steam stor- 
age capacity. For heating purposes, steam boilers tall 
into the same three classes as mentioned under water heat- 



Hot water and stram kkatino los 

er>, havlns about the lame ratio nf lioitllnR niirfncE to Rrale 
surface. WItli - thu Bteatn b<il1<'r R.TKTHUnir ntvain at 
5 pounds gage, tlie temiicraturi' on one- Blilu oC tlia licatliiK 

temperature on tlie Bame hIiIp 1h about ISfl ilvRrpes. Ilcnc?, 
with the same temperature of tlip burnlnK gimi^B, the tem- 
perature UKference is sreater In a water heater than In a 



Fire Tube Type 
FIK. 55. 
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boiler, resnltin? in a more rapid transfer of heat, and A 
correspondingly greater efficiencj. 

78. CoBiMaatloB Systems 9— Combination systems are 
frequently used, priscipally the one which combines warm 
air heatingr with either steam or hot water. For such * 
system there is needed a combination heater, as shown in 
Figr. 20. It consists essentially of a furnace for supplying 
warm air to some rooms, the downstairs of a residence for 
instance, and contains also a coil for fornishinc: hot water 
to radiators located in other rooms, say, on the upper floors, 
or in places where it would be difficult for air to be de- 
livered. Considerable difficulty has been encountered in 
properly proportioningr the heatingr surface of the furnace 
to that of the hot water heater, and the systems have not 
come into general use. 

70. FittiBss: — Common and Speeial: — Couplings, elbows 
and tees, especially for hot water work, should be so formed 
as to give a free and easy sweep to the contents. It iB 
highly desirable in hot water work to use pipe bends of ft 





Fig. 56. 

radius of about five pipe diameters, instead of the common 
elbow. In either case all pipe ends should be carefully 
reamed of the cutting burr before assembliniT- ThiB is 
most important, as the cutting burr is sometimes heavy 
enough to reduce the area of the pipe by one-half, thui 
creating serious eddy currents, especially at the elbows 
If the single main hot water system be installed, great 
caro should be used to plan the mains in the shortest and 
most direct routes, and the special fittings described an* 
shown in Art 65 should be used. 

Eccentric reducing fittings are often of value In avoldlnf 

pookctB In steam Mnes. Fig. 56 shows types of these, which 

should always be used w»hen, by xeaueUoxi ot o\.YL«r«isftt • 
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horizontal steam pipe would present a pocket for the col- 
lection of condensation with its resultant water hammer. 

Valves for either steam or hot water should be of the 
srate pattern rather than the grlobe pattern. The latter is 
objectionable in hot water systems because of the resistance 
offered the stream of water, due to the fact that the axis 
of the valve seat opening: is perpendicular to the axis of 
the pipe. The srlobe valve is objectionable in some 
steam lines because of the fact that in a horizontal run 
of pipe it forms very readily a pocket for the collection 
of condensation, thus often producing: a source of water 
hammer. In every way grate valves are preferable, for, as 
shown in Pig. 57, they present a free opening without turns. 

The same caution applies 
In the use of check valves. 
Bwing checks should al- 
ways be specified rather 
than lift checks, for the 
former offer much less re- 
sistance to the passage of 
the hot water, or the 
steam and condensation, as 
the case may be. Fig. 58 
shows a lift check and a 
Fig. 57, swing check. 

To avoid the annoyance so often experienced by leaky 
packing around valve stems, there have been designed and 







Fig. 58. 



<■ 



-^^ ■■ 



placed on the market various forms of packless valves. 
These are to be especially recommended for vacuum work, 
as the old style valve with its packed stem Is, perhaps, the 
cause of more failures of vacuum systems tlcvaxv a,Tv^ o*Ocv«t 
one item. Fig-. 59 shows a section of this type ol va.\v^ >x^Vcv^ 
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the diaphragm as the flexil>le wall. AH 
packless valves will be found to use a dia- 
phragm of one form or another. 

Quick-opening Valves, or butterfly valves, 
are much used on hot water radiators; one- 
quarter turn of the wheel or handle serves 
to open these full and, when closed, they 
are so arranged that a small hole through 
Fig". 59. the valve permits just enough leakage to 

keep the radiator from freezing. Special radiator valves for 

steam may also be obtained. 

Air valves tave a most Important function to discharge. 
As the air accumulates above the water or steam In th« 






Fig. 60. 

radiators, its removal becomes absolutely necessary, If aJJ 
of the radiating surface is to remain • effectual. For this 
purpose small hand valves or pet cocks. Fig. 60, are in- 
serted near the top of tlie end section in all hot water 
work; and either these same valves or automatic ones are 
inserted for steam work. Valves are not as essential on 
two-pipe steam systems as on water or single-pipe steam 
systems, yet are generally used. For steam the air valve 
should be about one-third the radiator height from the top. 

Fig. 61 shows a common type 
of automatic air valve using the 
principle of the expansion stem. A8 
long as the air flows around the 
stem and exhausts, the stem re- 
mains contracted, and the needle 
valve open; but when the hot steam 
enters and flows past the expansion 
stem, it lengthens sufficiently to close the needle valve. In 
other forms of air valves the heat of the steam closes the 
needle valve by the expansion of a volatile liquid in a small 
closed retainer. In still other forms the lower part of the 
valve casing is filled with water of condensation upon 
which Qoata an inverted cup, having air entrapped wlthlBi 




Fig. 61. 
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This cup carries the needle of the valve at Its upper ex- 
tremity, the heat of the steam expanding: the air sufficiently 
to raise the cup and close the valve. Whore tlie system is de- 
signed to act as a gravity installation, special air valves must 
be used which will not allow air to enter at any liino. Fig. 
62 shows a type of automatic valve designed to accommo- 
date larger volumes of air with promptness, 
as when a long steam main or large trap is 
to be vented. This type employs a long cen- 
tral tube, as shown, which carri«-8 at the top 
the valve seat of the needle valve. The 
needle itself is carried by the two side rods. 
As long as the air flows up througli the 
central pipe, the needle valve will remain 
open; but when hot steam enters the tube, 
it expands, and carries the vulvo seat up- 
ward against the needle, thus closing the 
valve. The size and strength of parts makes 
this form a very reliable one. 
The expansion tank. Fig. 63, for a hot wat- 
er system is often locat-^i in the bath room or 
closet near the bath room and its overflow 
connected to proper drainage. It sliould be 
at least 2 feet above the highest radiator. 
The connection to the heating system mains 
Is most often by a branch from the nearest 
radiator riser, or it may have an independ- 
ent riser from the basement flow main. The 
<»ipacity of the tank is usually taken at 
about one-twentieth of the volume of the 
iFig. 62. entire system, or a more easily applied rule 

is to divide the total radiation by 40 to obtain the 
'ttpaoity of ^ tank in gallons. See Table 39, Appendix. 




Fig. 63. 
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PRINCIPLES OF THE DESIGN, WITH APPLICATIOJT. 

In a hot water or steam system, the first import 
item to be determined by calculation is the amount 
radiation, in square feet, to be installed in each ro 
Nearly all other items, such as pipe sizes, boiler size, gi 
area, etc., are estimated with relation to this total ra* 
tion to be supplied. The correct determination, then« 
the square feet of radiation in these systems Is all- 
portant. 

80. Calculation of Radiator Surface t — Considering 
standard room of Chapter III, Where the heat loss was 
termined to be 14000 B. t. u. per hour on a zero day, 
problem is to find what amount of surface and what sis 
radiator will deliver 14000 B. t. u. per hour to the ro 
under the conditions as given. Experiments by numei 
careful investigators have shown that the ordinary oast 1 
radiator, located within the room and surrounded with e 
paratively still air, gives ot£ heat at the rate of 1.7 & 1 
(1.6 to 1.8, or 1.7 average) per square foot per d9i 
difference between the temperature of the surrounding 
and the average temperature of the heating: medium, 
hour. This is called the rate of transmisHon. With 
water the average conditions within the radiator 1 
been found to be as follows: temperature of the water 
ti.ring the radiator 180 degrees; leaving the radiator 
degrees; hence, the average temperature at which the 
terior of the radiator is maintained is 170 degrreea. Si 
in this country, the standard room temperature is 70 
grees, and, for hot water, the "degree difference" is 171 
70 = 100, then a hot water radiator will give off ui 
standard conditions 1.7 X 100 = 170 B. t. u. per sq. ft. perh 
The temperature within a steam radiator carrying steaz 
pressures varying between 2 and 5 pounds gagre is usu 
taken at 220 degrees, and the total transmission is appi 
Imately 1.7 X (220 — 70) = 256 B. t. u. per square foot 
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hour. The srcneral formula for the nquaro feet of radiation, 
then, is 

R = Total B. t . u. lost from the room per hour_ _ 
1.7 (Temp. dlff. between' Inside and uutsldu of rad.) 

For hot tcater, direct radiation hcutincr, this bfConieH, to the 

nearest thousandth 

// 

«. = =: .006 // (30) 

1.7 (170 — 70) 

For steam, direct radiation 

n 

R, = = ,004 // (31) 

1.7 (220 — 70) 

Rule. — To find the square feet of radiation for any room divide 
fte calculated heat l08$ in D. t u. per hour by the quantity 1.7 
iinet the difference in temperature between the inaidc and the out- 
*<<fo of the radiator. 

It will be noticed from (30) and (31) that /?» = 1.5 R» which 
Accounts for the practice that some people have of flndln? 
&U radiation as though it were steam, and thon, when hot 
^ter radiation is desired, addinsr 60 per cent, to this 
amounL 

AppucATiov. — From the standard room under considera- 
tlon« formula 80 slves Rw = .006 X 14000 = 84 squaro feet 
of radiator surface for hot water; and formula 31 {i^lvcs Ra 
=: .004 X 14000 = 66 square feet of radiator surface for 
>team. From these values the number of sections of a griv- 
en type of radiator can be determined by dividing by the 
trea of one section, as explained in the preccdingr chapter, 
nie length of the radiator may also be found from this 
lune table, by noting the thickness of the section**, and 
multiplying by their number. 

Formulas 80 and 81 give the standard ratios be- 
•Ween the heat loss and direct radiation. If, however, the 
tdiation is installed as direct-indirect, it is quite common 
>Tactloe to increase the amount of direct radiation by 25 
^ cent, to allow for the ventilation losses. On this basis 
'Onnulas 80 and 81 become, respectively, 

Rw = .0075 H (82) 

R* = .005 n (33) 

Duct Bisea . for properly accommodating the air In 
*fect-indlrcct heating may be taken from the loW^i'^iVtv.^*. 
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To obtain the duct area in square inches, multiply the square feet 
of radiation by .75 to 1 for steam, and by .5 to .75 for hot water. 
Wo obtain the amount* of air which may be expected to enter and 
pass through the radiator into the room, multiply the square feet 
of radiation by 100 for steam, or by 75 for hot water. This gires 
the cubic feet of air entering per hour. 

Again, if the radiation is Instailled as purely indireet, 
yet not as a plenum system, it is common to increase ike 
amount of direct radiation by 50 per cent. Now formulas 30 and 
31 become, respectively, 

Rw = .009 H (34)-a 

R, = .006 H (34)-b 

For proportioning the duct sizes in indirect heating 
use the following table. To obtain the duct area in square 
inches, multiply the square feet of radiation installed W 

Steam Hot Water 

First Floor 1.5 to 2.0 1.0 to 1.88 

Second Floor 1.0 to 1.25 .66 to .88 

Other Floors .9 to 1.0 .6 to .66 

Vent ducts, where provided, are usually taken .8 of the 
area of supply ducts. Also, for finding the amount of air iB 
cubic feet, which may be reasonably expected to enter 
under these conditions. Carpenter gives the following! 
Multiply the square feet of indirect radiation by 





Steam 


Hot Watel' 


First Foor 


200 


150 


Second Floor 


170 


130 


Other Floors 


150 


115 



If this amount of air is insufficient for the desired degT«* 
of ventilation, more air must be brought in by corresponi* 
Ingly larger ducts, and for each 300 cubic feet additionll 
with steam, or each 200 cubic feet additional with h^* 
water, add one square foot to the radiation surface. 

A steam system may be installed to work at any pW' 
sure, from a vacuum of, say, 10 pounds absolute, to as W^ 
a pressure as 75 pounds absolute. To calculate the prop* 
er radiation for any of these conditions use formula 81 • 
its derivatives, and substitute the proper steam tempert 
ture in place of 220 degrees. 

In like manner, to find the amount of hot water nX 
atlon for any other average lercvpeTatwr^^ oil ^% ^rtft 
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than the one given, merely substitute the desired averagre 
temperature in the place of 170. One point should be re- 
membered, the maximum drop in temperature as the water 
passes througrh the heater will seldom be more than 20 
degrees, even under severe conditions. More often it will 
be less, but this value is used in calculations. Again, the 
temperature of the entering water may be at the boiling 
point, if necessary, thus causing each square foot of sur- 
face to be more efficient and consequently reducing the to- 
tal radiation in the room. To illustrate, try formula 30 
with a drop in temperature from 210 to 190 degrees and find 
64 square feet of radiator surface for this room. Since a 
radiator always becomes less efficient from continued use, It 
^8 best to design a system with a lower temperature as 
Siven in the formula, and then, if necessary under stress 
of conditions, this system may be increased in capacity by 
increasing the water temperature up to the boiling point. 
81. Empirical Forntnlaax — ^All of the above formulas may 
^e considered as rational and checked by years of experience 
and application. Many empirical formulas have been de- 
^ised in an attempt to simplify, but the results are always 
80 untrustworthy that the rules are worthless unless used 
with that discretion which comes only after years of prac- 
tical experience. Many of these rules are based on the 
cubic feet of volume heated, without any other allowance, 
these being given anywhere from one square foot of steam 
surface per 30 cubic feet of space, to one square foot to 
100 cubic feet. The extreme variation itself shows the un- 
'eliableness of this method, and under no conditions should 
*t be used for proportioning radiating surface. Various 
central heating companies, and others, proportion radia- 
tors for their plants according to their own formulas, 
among which the following may be noted. 

, , a w G w 

(a) B« = — + — + — ie, = _- + _ + 



2 10 60 2 10 200 

(^) U« = G -f- .05 TT -^ .01 R.=^(G+ .05 W + .01 C) 

3 

(c) «, = .75 (7 -I- .10 W + .01 C B. = .5 (7 + .05 TT + .005 
^^ is evident that these are really simplified forms of Car- 
penter's original formula. When applied to live saUu^ 
roozn, where Carpenter's formula gave, tor \vo\. '^^A.^'c ^xv^ 
'^aw, 84 square feet and 56 square teet, xes^^cWNeX^, V.^^ 
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grives 85.5 and 63, (b) srives 75 and 60, and (c) given 82.5 
and 46 respectively. 

Another approximate rule devised by John H. Mills 
an I still used to some extent is "Allow 1 square foot of 
steam radiation for every 200 cubic feet of volume, 1 square 
foot for every 20 square feet of exposed wall and 1 square 
foot for every 2 square feet of exposed slass." Applying 
this to the standard room, it grives 9.76 + 13.25 + 18 = 41 
square feet of steam radiation as agralnst 56 square feet 
by rational formula. This shows a considerable differeDce 
from the rules preceding. 

82. Greenhouse Radiation i — ^The problem of properly 
proportioning greenhouse radiation Is considered, by some, 
of such special nature as to Justify the use of empirical 
formulas. The fact that the glass area is so large compared 
to the wall area and the volume, combined with the fact 
that the head of water in the system is small and that the 
radiation surface Is usually built up as coils from 1^, IH o^ 
2 inch wrought Iron pipe, gives rise to a problem that differ* 
essentially from that of a room of ordinary construction. It 
is not surprising, therefore, to find a great variety of empir- 
ical formulas designed exclusively for this work. Whatever 
merit these may 1 ave, they do not give the assurance that 
comes from the application of rational formulas. It is almys 
best to use rational formulas first and then check by the 
various empirical methods. 

Formulas 30 and 31, stated in Art. 80, when properly 
modified, are applicable to greenhouses and irive very re- 
liable results. As stated above, the radiating surface ii 
usually that of wrought iron pipes hung below the flower 
benches or along the side walls below the glass. The trans- 
mission constant, K, for wrought iron or mild steel is 2.0 to 
2.2 B. t. u. per square foot per degree difference per hour. 
making the total transmission per square foot of coil surfaM 
per hour about 2(170 — 70) = 200 for hot water, and 2(JW 
— 70) = 300 for steam. These values may be safely nsel 
The only necessary modification of the two formulas matr 

tioned, consists in replacing the constant 1.7 by 2. givinf 
for hot icater jj 

Rw = = .005 H (8B)-« 

2(170 — 70) 
And for steam 

R. = — -— = .0^^^ n c«H 

2(220 — 70:i 
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If, however, the highest temperature at which it is desirable 
to maintain the house in zero weather is other than 70 de- 
grees, this temperature should be used instead of 70. 

In a greenhouse there is very little circulation of air, 
hence the heat loss, //, would be found from the equivalent 
glass area i. e., (O + -25 TF). Formulas 35-rt and 6 would 
then reduce to Rw = .35 (O + .25 TF) and It* = .23 (O + .25 W). 
It is noticed that these values give about one square foot of 
H. W. radiation to 2.8 square feet of equivalent glass area, and 
one square foot of steam radiation to 4.4 square feet of equivalent 
gUtas area as approximate rules. These figures should be considered 
a minimum. 

Bmpirical rules for greenhouse radiation, quoted by 
many firms dealing in the apparatus, are usually given in 
the terms of the number of square feet of glass surface 
heated by one lineal foot of 1^ inch pipe. A very commonly 
quoted and accepted rule is, one foot of l^^ inch pipe to 
every 2% square feet of glass, for steam; or, one foot of 
1% inch pipe to every 1% square feet of glass, for hot water, 
when the interior of the house is 70 degrees in zero weather. 
Table XI, taken from the Model Boiler Manual, shows 
the amount of surface for different interior temperatures 
and different temperatures of the heating medium. 

In general, it may be said that in greenhouse heating, 
great care should be used in the rating and the selection 
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Fig. 64. 

of the boilers or' heaters. It is well to remember that the 
severe service demanded by a sudden change in the weather 
is much more difficult to meet in greenhouses than in ordin- 
ary structures, and that a liberal reserve in boiler capacity 
Is highly desirable. 

If any greenhouse under consideration ca.Tv >q^ \v^^\.^^ 
from some central plant where the heat wVW )q^ eoxvWxvxiL^xvs* 
throuar^oat the night with a man in charge a\. eA\ X-Vcci^^* 
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then steam Is very desirable because of the reduced amouBt 
of heating surface necessary. If, however, in cold weather 
the steam pressure to be allowed to drop during the night- 
time, then hot water should be used. This pernkits a better 
circulation of heat througrhout the greenhouse during the 
night. The same rules apply in running the mains and 
risers as would apply in the ordinary hot water and steam 
systems. In greenhouse work the head of water is very 
low and this makes the circulation rather sluggish but with 
sufficient pipe . area and a minimum friction a hot water 
system may be used with satisfaction. In some houses the 
coils are run along the wall below the glass and supported 
on wall brackets, in others they are run underneath the 
benches and supported from the benches with hangersi 
while in greenhouses with very large exposure there Are 
sometimes required both wall and bench coils. In all of 
these piping layouts it is necessary that a good rise and 
fall be given to the pipes. Fig. 64 shows two systems of 
pipe connections, one where the steam or flow enters the 
coils from above the benches and the other where it enten 
from below, the return in each case being at the loweet 
point. These bench coils could be run along the wall with 
equal satisfaction. 

TABLE XL 
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Temperature of Water in Heating Pipes 
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S.46 


8.6 


u 



This table is computed for zero weather; for low* 
temperatures add 1% per cent, tor eacYi ^eer^^'VMXw wro^ 
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&=:: The last column in Table XI has been calculated from 

Ki^i formula 36«b and added for purpose of comparison. 

-: Application. — Given an even span greenhouse 25 ft. wide, 

' It: 100 ft long and 5 ft. from ground to eaves of roof, having 
^: slope of roof with horizontal 36'. Ends to be glass above 
=3 u the eaves line. What amount of hot water radiation with 
^^ter at 170" and what amount of low pressure steam radia- 
tion would be installed? 

• '• Length of slope of roof = 12.5 -^ cos. 35* = 15.25. 

^/ Area of glass = 15.25 X 100 X 2 + 2 X 12.5 X 8.8 = 3270 

sq. ft. 

Area of wall = 5X100X2 + 5X25X2 = 1250 sq. ft 

Glass equivalent = 3270 + .25 X 1250 = 3582.5 sq. ft 

Bw= .35 X 3582.5 = 1253.8 sq. ft 

iR« = .23 X 3582.5 = 824. ♦ sq. ft 

From Table XL 

Rw = 3582.5 -s- 2.5 = 1433 sq. ft 

R» = 3582.5 -5-5 = 716. isq. ft 

♦Check with last column of Table XL 

83. Tl&e Determliiatioii of Pipe Sisest — The theoretical 
determination of pipe sizes in hot water and steam systems 
has always been more or less unsatisfactory, first, because 
of the complicated nature of the problem when all points 
having a bearing upon the subject are considered, and 
second, because it is almost an impossibility to even ap- 
proximate the friction offered by different combinations and 
conditions of piping. The following rather brief analysis 
gives a theoretical method for determining pipe sizes where 
friction is not considered. 

In a hot voater system let the temperatures of the water 
entering and leaving the radiator be, respectively, 180 
and 160 degrees; then it is evident that one pound of the 
vvrater in passing through the radiator, gives off 20 B. t. u. 
Under these conditions the standard room would have 14000-?- 
20 = 700 pounds of water passing through the radiator per 
hour. Converting this to gallons, it is found to be 84.03. 
But the radiation for this room was found to be 84 square 
feet Therefore, it may be said that a hot water radiator 
unde^ normal conditions of installation and under heavy 
service requires one gallon of water per sa^are foot of sur- 
face per hour. Knowing the theoretical arcvowxvl ol '^^X.fex 
per hour, it remains only to obtain t\ve tYv^ox^Wc-aX «^^^^ 
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at which it travels, due to unbalanced columns, to obtain 
tinally, by division, the theoretical area of the pipe. 

Consider a radiator to be about 10 feet above the 
source of heat, and the temperature in the flow riser to iM 
180 degrrees and in the return riser 160 degrrees, good yaluei 
in practice. Now the heated water in the flow riser 
weighs 60.5567 pounds per cubic foot, while that in the 
return riser weighs 60.9697 pounds per cubic foot. The mo- 

/ W — W \ 

tive force is f = jr ( ) where g is the acceleration 

\ W + W / 

due to gravity, W is the specific gravity (weigrht) df the 
cooler column and W is the specific gravity (weight) of the 
warmer column. Substitute f for g in the velocity formula 
and obtain t? = \JlfK and 



2gh( — ) (SI) 

VW + W / 

Inserting values W, W and assuming h = 10 feet, we have 
V = V2 X 32.2 X 10 X .0034 = V2.1896 = 1.47 feet per second. 
From this it has become a custom to speak of 1.6 feet per 
second or 5400 feet per hour, as the theoretical velocity of 
water in, say, a first floor riser, disregarding the effect of 
all friction and horizontal connections. Theoretical veloci- 
ties for any other height of column and for other temper- 
atures may be obtained in like manner. Continuing tbli 
special investigation and changing the 84 gs.llons per hour 
to cubic inches per hour by multiplying by 231, the intemil 
pipe area may be obtained by dividing by the unit speed 
per hour which gives (84 X 231) -7- (5400 X 12) = .8 square 
inch. This corresponds to approximately a % inch pip* 
and without doubt, would supply the radiator if the sup- 
position of no frictional resistances could be realised. lU* 
ideal condition, of course, cannot be had, nor can the frlD- 
tion in the average house heating plant be theoretioaU/ 
treated with any degree of satisfaction. Hence it Is itiU 
the custom to use tables for the selection of pipe slaaa 
based upon what experience has shown to be good praotlea 
Such tables, from various authorities, may be found in tbi 
Appendix. It is safe to say that one should never use tSF" 
thing smaller than a 1 inch pipe in low pressure hot mti' 
work. 

With steam st/stema, where t\\e "heaWiv^ tck^^VnsL \a a vap* 
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and subject in a lesser desrree to friction, the discrepancy 
between the theoretical and the practical sizes of a pipe 
is not so grreat as in hot water. Each pound of steam, in 
condensing, gives off approximately 1154 — 181 = 973 B. t. u. 
To supply the heat loss of the standard room, 14000 B. t. a. 
per hour, it would require 14.6 pounds of steam per hour. 
When it is remembered that the calculated surface of the 
direct steam radiator for this room was 56 square feet, it 
appears that a radiator, under stated conditions and under a 
heavy service, requires one-fourth of a pound of ntcnm per square 
foot of surface per hour. This may be shown in another way: 
each square foot of steam radiation gives off 255 B. t. u. 
per hour; then, each square foot will condense 255 -i- 973 = 
.26 + pounds of steam per hour. 

Now the volume of the steam per pound at the usual 
steam heating pressure, 18 pounds absoluto, is 21.17 cubic 
feet. Since the standard room radiator required 14.5 pounds 
per hour, it would, in that time, condense steam corres- 
ponding to a void of 21.17 X 14.5 = 307 cubic feet per hour. 
This is the volume of the steam required by the radiator, 
and, if the speed of the steam In the pipe lines be taken 
at 15 feet per second, or 54000 feet per hour, the area of 
the pipe would be 807 X 144 -£- 54000, or .82 square inch, 
corresponding very closely to a 1 inch pipe. For a two- 
pipe system this would be considered good practice under 
average conditions; but in a one-pipe system, where tho 
condensation is returned against the steam in the same 
pipe that feeds, a pipe one size larger would be taken. 

Table 35, Appendix, calculated from Unwin's formula, 
may be used in finding sizes and capacities of pipes carrying 
steam. In addition to this. Tables 31, 32, 33 and 34 give sizes 
that are recommended by experienced users. 

For a theoretical discussion of loss of head by friction 
in hot water and steam pipes, see Arts. 147 and 175. 

84. Grate Areas — ^To obtain the grate area for a direct 
radiation hot water or steam system by the B. t. u. method, 
the same analysis as found in Chapter IV may be applied. 
The total B. t. u. heat loss, /T, is that calculated by the 
tormula and does not include Hv, the heat loss due to ven- 
tilatlon« since with the direct hot water or steam system as 
Usually installed no ventilation is provided. In any special 
^9me where yenttlation Is provided in excess, \iae H' Vtv^X.^'Qu^ 
of ff. The eommercial rating of heaters and. "^ooW^xa Va ^ 
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subject each day receiving greater attention at the hands 
of manufacturers; yet it is a subject where much uncer- 
tainty is felt to exist. Hence the recommendation, "Alwajv 
check grate area by an actual calculation/' rather than rely 
entirely upon the catalog ratings. 

85. Pitch of Mains: — ^The pitch of the mains is quite u 
important in hot water as in steam work. This should be 
not less than 1 inch in 10 feet for hot water systems, and not 
less than 1 inch in 30 feet for steam systems. Greater 
pitches than these are desirable, but not always practic- 
able. In hot water plants the pitch of the basement mains, 
whether flow or return, is upward as these mains extend 
from the source of heat, that is, the highest point is the 
farthest from the heater. Jn steam plants the mains, under 
any condition of arrangement, always pitch downward 
in the direction of the flow of the condensation. 

86. Location and Connection of Radiatoms — ^In locat- 
ing radiators, it is best to place them along the outside or 
the exposed walls. When allowable, under the windowB 
seems to be a favorite position. Especially in buildings 
of several stories, the radiators should be arranged, where 
possible, in tiers, one vertically above another, thus re- 
ducing the number of and avoiding the offsets in the risers. 
In the one-pipe system any number of radiators may be con- 
nected to the same riser. In the two-pipe system several 
radiators may have ^ither a common flow riser, or a conmion 
return riser, but should never have both, either with hot 
water or with steam. 

The connections from the risers to the radiators should 
be slightly pitched for drainage and are usually run along 
the ceiling below the radiator connected. These connections 
should be at least two feet long to give that flexibility of 
connection to the radiator made necessary by tjie expan- 
sion and contraction of the long riser. Similarly, all risers 
should be connected to the mains in the basement by hori- 
zontals of about two feet to allow for the expansion an^ 
contraction of the mains. A system thus flexibly connected 
stands in much less danger of developing leaky Joints than 
does one not so connected. For sizes of radiator conneotlons 
see Table 29, Appendix. 
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87. General Applteatloni — ^Figrs. 66, 66 and 67 show the 
rpical layout of a hot water plant. Due to the similarity be- 
veen hot water and steam installations, the former only will 
a desigrned complete. In attemptingr the layout of such a 
fBtem, the very first thinff to be done is to decide at what 
oints in the rooms the radiators should be placed. This 
lould be done in conjunction with the owner as he may 
ave particular uses for certain spaces from which radia- 
>rs are hence excluded. The first actual calculation should 
e the heat loss from each room, with the proper exposure 
>8ses, and the results should be tabulated as the first 
olumn of a table similar to Table XII. In the 
xample here given, this loss is the same as, and taken 
rom, the table of computations for the furnace work. Art. 
8, the house plans being identical. The second column 
if Table XII, as indicated, is the square feet of radiation; 
.nd since this is a hot water, direct radiation system, it 
B obtained by taking .006 of the items in the first column 
iccordingr to formula 30. Knowing this, a type and 
leight of radiator can be selected, and the number of 
lections determined by Table X. Next obtain the lengths 
»f radiators by multiplying the number of sections by the 
otal thickness of the sections, as given in Table X, and 
letermine whether or not the radiator of such a length 
irill fit into the chosen space. If not, then a radiator of 
greater height and larger surface per section must be 
elected. Riser sizes and connections may be taken ac- 
ording to Tables 31 and 29 respectively. The column of 
'able XII headed "Radiators Installed" gives first the num- 
»er of sections; second, the height in inches; and third, the 
lumber of columns or type of the section. 

Locate radiators on the second floor and transfer the 
ocation of their riser positions to first floor plan, then to 
he basement plan. Locate radiators on the flrst floor and 
ransfer their riser locations to the basement plan, which 
(Till then show, by small circles, the points at which all 
isers start upward. This arrangement will aid greatly in 
he planning of the basement mains. 

The keynotes in the layout of the basement mains 
hould be simplicity and directness. If the riser positions 
ihow approximately an even distribution all around the 
>asement» it may be advisable to run th.^ -m.^.Vxv^ Vcv 
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complete circuits around the basement. If, agrain, tbe 
riser positions show ag^regration at two or three localitieSp 
then two or three mains running directly to these localities 
would be most desirable. As an example, take the applica- 
tion shown here. The basement plan shows three clusters 
of riser ends, one under the kitchen, another under the 
study, and a third on the west side of the house. This 
condition immediately suggests three principal mains, as 
shown. The main toward the kitchen supplies the bath, 
chamber 4 and the kitchen, making a total of 131 squara 
feet. Being only about 13 feet long, it would readily cany 
this radiation if of 2 inch 'diameter. See Table 34, Appendix. 
The main to the study and the hall supplies chamber 1, the 
hall and the study, making a total of 221 square feet, which 
can be carried by a 2^ inch pipe. The main to the west side 
of the house supplies chamber 2, chamber 3, the sitting room 
and the dining room, a total of 249 square feet, which would 
almost require a 3 inch main, according to the table, were 
it not for its comparatively short length. A 2^ inch pipe 
would amply supply this condition. 

In hot water work, as well as in steam, it Is custonuurj 
to take the connections to flow risers from the top of the 
mains, thus aiding the natural circulation. Fig. 85. If not 
taken directly from the- top of the main, it is often taken at 
about 45 degrees from the top. This arrangement, with a 
short nipple, a 45 degree elbow, and the horizontal connee- 
tion about 1% to 2 feet long, makes a Joint of sufficient 
flexibility between the main and riser to avoid expansioa 
troubles. 

In the selection of a heater or boiler much that has 
been said concerning furnaces applies. The heater or boiler 
should, above all, have ample grate area, checked on a & 
t. u. basis, and should have a sufficient heating surface so 
designed that the heated gases from the fire impinge per 
pcndicularly upon It as often as may be without seriously 
reducing the draft. As shown by the total of the radiatlos 
column, a hot water boiler should be selected of such rated 
capacity as to include the loss from the mains and risera 
Since this loss is usually taken from 20 to 80 per cent, de- 
pending upon the thoroughness with which the basemeot 
mains are insulated, the heater for this house should have 
a rated capacity of not ^ess than 720 square feet of radiatloo- 
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SECOND FLOOR PLAN. 
Ceiling 9'. 



Fig. 67. 
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88. laavlattav Steam Pipes t — In all h eating: systems, 
^^X>es carrying: steam or water should be insulated to protect 

^^m heat losses, unless these pipes are to serve as radiating: 
^^^'laces. In a larg:e number of plants the heat lost throug:h 

^^se unprotected surfaces, if saved, would aooiv '^^.'^ lot ^t«>t. 
^^ftw Insulation, The heat transmitted to atW\ «.Vc \.\oc^>wgc^ 
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• 

one square foot of the average wrought iron pipe is from 2 
to 2.2 B. t. u. per hour, per degree difference of temperature 
between the inside and the outside of the pipe. Assuming 
the minimum value, and also that the pipe is fairly well 
protected from air currents, the heat loss is, with steam at 
100 pounds gage and 80 degrees temperature of the air, 
(338 — 80) X 2 = 516 B. t. u. per hour. With steam at 50, 25 
and 10 pounds gage respectively this will be 436, 374 and 320 
B. t. u. If the pipe were located in moving air, this loss would 
be much increased. It is safe to say that the average low pres- 
sure steam pipe, when unprotected, will lose between 350 and 
400 B. t. u. per square foot per hour. Taking the average of 
these two values and applying it to a six inch pipe 100 feet 
in length, for a period of 240 days at 20 hours a day, we have 
a heat loss of 171 X 375 X 240 X 20 = 307800000 B. t. u. With 
coal at 13000 B. t. u. per pound and a furnace efficiency of 60 
per cent, this will be equivalent to 39461 pounds of coal, 
which at $2.00 per ton will amount to |39.il6. From tests 
that have been run on the best grades of pipe insulation, it is 
shown that 80 to 85 per cent, of this heat loss could be 
saved. Taking the lower value we would have a financial 
saving of $31.56 where the covering is used. Now If a good 
grade of pipe covering, installed on the pipe, is worth $36.00, 
the saving in one year's time would nearly pay for the 
covering. 

To be effective, insulation should be porous but should 
be protected from air circulation. Small voids filled with 
still air make the best insulating material. Hence, hair 
felt, mineral wool, eiderdown and other loosely woven ma- 
terials are very efficient. Some of these materials, however, 
disintegrate after a time and fall to the bottom of the pipSi 
leaving the upper part of the ripe comparatively free. Many 
patented coverings have good insulating qualities as well as 
P'^rmanency. Most patented coverings are one inch In thick* 
ness and may or may not fit closely to the pipe. A good a^ 
rangement is to select a covering one size larger than tht 
pipe and set this off from the pipe by spacer rings. ThU 
air space between the pipe and the patented covering Is • 
good insulator itself. Table 45, Appendix, gives tht 
results of a series of experiments on pipe covering, obtain* 
.at Cornell University under the direction of Professor Cf 
pentcr. These values are probably as nearly standard »■ 
may bo had. (Sec Art. 138 tor CQiv^>x\U.> 
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89. Water HomBwrt— When steam !■ admitted to K cold 
, or to a pipe that Is full of water. It Is suddenly con- 
led and causes a sharp cracking notae. The concuislon 
Inced by this condensation may became so severe as to 
k the flttlnKB and open up the Joints. The noise la due to 
Ldden rush ot water In an endeavor to till the vacuum 
luced by the candensed steam. Steam at atmiOspherlo 
sure occupies 1844 times the volume of the water that 
led It. hgnce, by suddenly condensing it, a very high 
lum may be produced. This action causes a relatively 
I velocity In any body of water adjacent to It. The 
It -condition Is found when a quantity of steam enters 
pe fllled with water. Condensation suddenly takes place 
the two bodies of water come tog-ether with htgh ve- 
:y caustns severe concussion. Steam should always be 
ttted to a cold pipe, or to one nued with w&ter, very 




Fig. B8. Fig. 69. 



ilnsr the water of condensation to the boiler four methods 
In use; gravity, steam traps, steam looi>a and ateam or 
trie pumps. The (rraoKB iH'Ifm Is the simplest and Is used 
Ul easea where the radiation Is above the level of the 
er and where tbe Itoller pressure Is used In the mains. 
I gravity return, no special valves or fittings are neces- 
r. bwt a free path with the least amount of friction In It 
Tovlded between the radiators and a point on the boiler 
iw the water line. No traps of any kind should be 

All radiation should be placed at (cost 1& Itic'sbs a\n>-^B 
water line of the boiler to Insure tbal the ^■a.\.eT -«VA- 
back up in tbe return line and flood the lower Ta4\a.tota. 
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This flooding is usually the result of a restricted steam main. 
When the radiation is below the water line, or where the 
pressure in the mains is less than that in the boiler, some 
form of 8ieam-trap or motor pump must be put in with special 
provision for returning this water to the boiler. Two kinds 
of traps may be had, low pressure and higrh pressure. The 
first is well represented by the bucket trap. Fig. 68, and the 
second, by the Bundy trap, Fig. 69. The action of these traps 
is as follows. Bucket trap. — ^Water enters at D and collects 
around the bucket, which is buoyed up against the valve. 
The water collects and overflows the bucket until the com- 
bined weight of the water and bucket overbalances the 
buoyancy of the water. The bucket then drops and the 
steam pressure upon the inside, acting upon the surface of 
the water, forces it out through the valve and central stem 
to the outlet B. When a certain amount of this water has 
been ejected, the bucket again rises and closes the valve. 
This action is continuous. Bundy trap. — Water enters at D 
through the central stem and collects in the bowl A, which 
is held in its upper position by a balanced weight. When 
the water collects in the bowl sufficiently to lift the weight 
the bowl drops, the valve E opens, and steam is admitted 
to the bowl, thus forcing the water out through the curved 
pipe and the valve E, This action is continuous. 

Each trap is capable of lifting the water approximately 
2 . 4 feet for each pound of differential pressure. Thus, for t 
pressure of 5 pounds gage within the boiler and 2 pounds 
gage on the return, the water may be lifted 7 feet abote 
the trap, or say, to the top of an ordinary boiler. This is not 
sufficient, however, to admit the water into the boiler 
against the pressure of the steam. A receiver should be 
placed here to catch the water from the separating trap 
and deliver it to a second trap above the boiler which. lA 
turn, feeds the boiler. Live steam is piped from the boiler 
to each trap, but the steam supply to the lower trap U 
throttled, to give only enough pressure to lift the water 
into the receiver. A system connected up in this way i* 
shown in Fig 70. Traps which receive the water of con- | 
densation for the purpose of feeding the boiler are called 
return traps and sometimes work under a higher preaaitf* 
of steam than the separating traps. Many different klnd» 
of traps are in general use but these will illustrate th* 
principle of returning the condensaUoiv to th© boiler. 



Hot water and steah HBATiiita 




FlK. 70. 



A very simple arrange- 
ment, ana y*t a very dlOlcult 

ono to opprale Batlsraotorlly, 
iB liy the ase o( the (lecm loop, 
Pig. 71. Tlie water of con- 
densation from the radiators 
drains to the receiver A. 
which la In direct communl- 
oatlon with the riser B. The 
drop leg: D, being In com- 
munication with the boiler 
through a check valve which 
opens toward the boiler at 
the lowest point. Is niled 

aufflclently hixh above the 
water line o( the boiler that 
Static head balances the differential pressure between the 
m in the boiler and that !□ the condenser. The horizon- 
run Of pipe V serves as a. condenser and. In producing a 
tlaJ vacuum, lifts the water from thn receiver. Thi« 
er Is not lifted as a solid body, but as s^uga of water 
rspersed with quantities of steam and vapoi. The water 
. la at or near the boiling point and the reduced pressure 
B reevaporates a portion of It which, In rising ar a 
or, OBslstB in carrying the rest of the water over thu 
se-neck. When the condensation In D rises above the 
it Z, tlt« static pressure overbalaaces the differential 
.m pressure, and water Is fed to the boiler through the 
;k. 

To And the location of the point X, above the water Una 
•.bn boiler, the following will llluatrate. Let the pres- 
is in the boiler, condenser and receiver be respectively 
and 4 pounds gage, then the differential pressure between 
bolter and condenser le 3 pounds per square Inch. If the 
ght ot one cubic foot of water at ZIE degrees Is G9.TS 
nds, then the pressure Is .12 pounds per square Inch (or 
b toot In height. Stated In other words, one pound dlf- 
antlal pressure will sustain 2.4 feet ot water. With a 
ssure difference of 3 pounds, this gives 3 -;- .42 = 7.2 
t from tHe water level In the boiler to the point I, aat 
dog Into account tbe friction of the pl'^lntt B-tiQ. i^'aeOK. 
ilch woDlJ Tary trom 10 to 30 per cent. AB5>ua\i:is \.\Aa 
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See that all valves on the water lines are open. On the 
steam system try the safety valve to make sure that it is 
free. Also see if the pressure gsige stands at zero. 

Clean the fire and sprinkle over it a small amount of 
fresh coal. 

Open up the drafts and when the fire is burning well 
fill up with coal. 

In starting: a fire under a cold boiler it should not be 
forced, but should warm up gradually. 

Hard coal may be thrown evenly ever the fire. Soft coal 
should be banked in front on the gyrate, until the sases are 
driven off. It is then distributed back over the fire. 

The thickness of the fl|*e will vary from four Inches to 
one foot depending upon the draft and the kind of coal. 

Clean the fire when it has burned low, partially closing 
the drafts while cleaningr. 

In a boiler or heater, using: the water over continuously. 
there will be little need of cleaning: out the inside. In a 
system using: fresh water continuously, however, the boiler 
should be blown off and cleaned about once or twice a montb. 
Never blow oflC a boiler while hot or under heavy pressnra 

In every system the heater or boiler should be thoroughly 
overhauled and cleaned before firing up in the'*'^*^!. 

Keep the ash pit clean and protect the grates from burn- 
ing out. 

Keep the tubes and gas passages clean and free from soot 

Inspect the pressure gage, glass gage, water cocks and 
thermometers frequently. 

In case of low. water in a steam system, cover the flro 
with wet ashes or coal and close all the drafts. Do not 
open the safety valve. Do not feed water to the boiler. Do 
not draw the fire. Keep the conditions such as to avoid any 
sudden shock. After the steam pressure has dropped, draw 
the fire. 

Excessive pressure may be caused by the sticking of the 
safety valve in the steam system, or by the stoppage of tho 
water line to the expansion tank in the hot water systooL 
The safety valve should never be allowed to lime up, and tb« 
expansion tank should always be open to the. heater and to 
the overfiow. 

When leaving the fires for the night, push them to tbo 
rear of the grate and bank them aa stated i^ Art* 59. 



HOT WATER AND STEAM HEATING 189 



Refereaces on Hot "Water and 8tr 

Technical Books. 

Snow, Principles of Heat, Chap. IX, X. I. C. S., Prin, of Heat 
«nd Vent., p. 1185, 1091. Monroe, Steam /liat. d Vent, p. 18. 
Lawler, Hot Water Heating, p. 19. Carpenter, Heat d Vent Bldgt., 
pp. 150, 231. Thom-pson, House Heat by Steam d Water, p. 16. 
Hubbard. PotDer, Heat d Vent, pages 433, 464, 484, 506, 610. 

Technical Periodicals. 

Engineering News. Sugsrestions for Exh'st Steam Heat, 
Apr. 7, 1904, p. 332. An Improved Steam Heat. System, Ther- 
moirrade System. July 23, 1903, p. 80. Factory System of tha 
United Shoe Machinery Co., Y/. C. Snow, May 25, 1905, p. 537. 
Heating: a Trolley Car Barn, J. I. Brewer, April 29, 1909, p. 
462. Engineering Revieio, Heat. & Vent, of the New Parental 
Home and School at FlushiniT, 1^ 1., Jan. 1910. p. 48. A Hot 
Water System with liadiators and Boiler on the Same Level, 
J. P. Lisk, Aug:. 1908, p. 34. A Hot Water Heat. System for 
a City Residence. J. P. Lisk, June 1909, p. 44. Hot Water 
Heat. Apparatus in Plymouth Church, Brooklyn. N. Y., Dec 

1908, p. 19. Heat., Vent, and Temperature Kegrulation in the 
Measles Pavilion of the Kingrston Ave. Hospital, Brooklyn, 
N. Y.. Jan. 1910, p. 35. Heat, and Vent. Plant of the Bustun 
Safe Deposit and Trust Company's Building^. C. L. Hubbard, 
April 1910, p. 37. Heat, and Vent. Installation in the Burnet 
St. School, Newark, N. J., Jan. 1901), p. 20. A Unique Low 
Pressure Steam Heat. Apparatus, Feb. 1909, p. 38. Practical 
Points on Steam Heating: (Direct Heating), C. L. Hubbard, 
Augr. 1908, p. 29. (Indirect Heat.), Sept. 1908, p. 19. (Exhaust 
Steam Heat.), Nov. 1908, p. 21. Steam Heating Systems, 
Wm. J. Baldwin, March 1905, p. 7. Machinery. Shop Heating 
by Direct Radiation, C. L. Hubbard, July 1910, p. 884. Sizes 
of Pipe Mains for Hot Water Heating, C. L. Hubbard, Sept. 

1909, p. 38. TJte BailuHiy kcview. Heating System of the Scran- 
ton St. Railway Shops, June 13, 1908, p. 480. Heating of 
Passenger Trains, May 23, 1908, p. 408. The Pennsylvania 
R. R. System of Heat, and Vent. Passenger Cars, Feb. 22, 1908, 
p. 157. Vent, and Heating of Coaches and Sleeping Cars, 
July 18, 1908, p. 586. Hot Water Heating Arrangements for 
Passenger Stations, Oct. 10, 1908, p. 829. Typical Heating 
Plants, Horace L. Wiinslow Co., June 18, 1910, p. 596. The 
Heating d Veniilaiing Magazine, Residence Heating by Direct 
and Indirect Hot Water, July 1905, p. 25. Carrying Capac- 
ities of Pipes In Low Pressure Steam Heating, Wm. Kent, 
Feb. 1907, p. 7. Standard Sizes of Steam Pipes, Jas. A. Don- 
nelly, Jan. 1907, p. 21. Formula for Pipe Sizes in Hot Wator 
Heating, Oliver H. Schlemmer, Sept. 1907, p. 9. Coefficient 
of Transmission in Cast Iron Radiation, John R. Allen, Aug. 
1908, p. 20. Relative Capacities of Pipes, John Jaeger, May 
1907. p. 1. Methods of Figuring Radiation, Gerard W. Stan- 
ton, Dec. 1907. p. 1. Computation of Radiating Surface, .T. 
Byers Hol/brook, Nov. 1904, p. 77. Coefficients of Heat Trans- 
mission, John R. Allen, July 1911. Domestic Enumeerinu. A 
I*ractical Manual of Steam and Hot Water Heating, E. R. 
Pierce, (Series of Articles), Vol. 51, No. 2. April 9, 1910; Vol. 
53, No. 9, Nov. 26. 1910. Proportions and Power ot X^o-^ 
l>ressure Heating Boilers, Vol. 47, No. 11. June \%, \^^^. ^• 
319. How to InstaflJ and Cover a. Steam or Hot ^aV^x "^H^aAxv, 
••Phoenix/' Vol 46, No. 10, March 6. 1909, p. ^1%. ^Q"« ^^ 



140 HKA.TING AND VENTILATION 

Secure Correct Pipe Sizes for Low Pressure Steam Heating. 
E. K. Monroe, Vol. 45, No. 9, Nov. 28, 1908, p. 243. Rules for 
Proportioning Indirect Heating Plants, R. T. Crane, Vol 49, 
No. 6, Nov. 6, 1909, p. 143. Trans, A, S, H. d V. E, Circulation 
of Hot Water, J. S. Brennan, Vol. XI, p. 93. Residence Heat- 
ing by Direct and Indirect Hot Water, B. F. Capron, Vol 
XI, p. 174. Standard Sizes of Steam Mains, J. A. Donnelly, 
Vol. XIII, p. 43. The Carrying Capacity of Pipes in Low 
Pressure Steam Heating, Wm. Kent, Vod. XIII, p. 54. Heat- 
ing and Ventilating a Group of Public Schools, S. R. Lewis, 
Vol. XIIT, p. 187. The Combined Pressure and Vacuum Sys- 
tems of Steam Heating, G. Hoffman, Vol. XIII, p. 223. Sizes 
of Return Pipes in Steam Heating Apparatus, J. A. Donnellyi 
Vol. XII, p. 109. Proportioning Hot Wteiter Radiation in 
Combination Systems of Hot Water and Hot Air Heating, 
R. C. Carpenter, Vol. VII, p. 132. Tests of Radiators with 
Superheated Steam, R. C Carpenter, Vol. VII, p. 206. Rela- 
tive Economy of Steam, Vapor, Vacuum and " Hot Water 
Heating for Residences, Vol. XII, p. 341. The Relation be- 
tween the Completeness of Air Removal and the Efficiency 
of Steam Radiators, Vol. XII, p. 315. Measurements of Wall 
Radiators, Vol. XII, p. 361. Advantages of Standard Dimen- 
sions of Radiator Valves and Connections, Vol. XIII, p. 145. 
The Relative Healthfulness of Direct and Indirect Heat- 
ing Systems, Vol. XIII, p. 136. Improving the Heating 
Capacity of a Radiator by an Electric Fan, Vol. VHI, p. 222. 
Engineering Record. Mechanical Plant of the Harvard 
Medical School, No. 2, Aug. 7, 1909. Mechanical Equipment 
of the Hotel LaSalle, Chicago, Sept. 11. 1909. Mechanical 
Plant of the Washington Municipal Bldg., Oct. 80, 1909. 
Heating an-d Ventilation of the Museum of Fine Arts, Bos- 
ton, Nov. 13, 1909. Heating Plant for a Railway Storehouse^ 
Dec. 18, 1909. Heating and Ventilation of the Hotel Plaza, 
N. T., Mar. 13 and Mar. 20, 1909. Central Heating and 
Lighting Plant for the United States Military Academy, May 
1, May 8 and May 15, 1900. Electric Railway tfoumak Heating 
System in Car House of Toronto & York Radial Rail- 
way,. March 26, 1910, p. 543. The Elevated Shops and Ter- 
minals of the Brooklyn Rapid Transit Co. — Organization and 
General Layout at East Now York, Feb. 2, 1907, p. 170. The 
Elevated Shops and Terminals of the Brookdyn Rapid Tran- 
sit Co. — The Thirty-sfixth St. Inspection Plant, March 9, 1107, 
p. 406. The Metal Worker. Unstable Water Lines In Steam 
Boilers, March 26. 1910, p. 429. Air Venting Hot Water Sys- 
tems, June 4, 1910, p. 755. Heating Swimming Pool, June 25, 
1910, p. 854. Air Venting Steam Systems, July 9, 1910, p. 80 
Heating and Ventilating Six Room School Building*, Oct 2S 
1909, p. 45. Steam Heating in a Cottage, July 11, 1908, ^ 
45. Indirect Hot Water Heating in Residence. Oct. 24, 1908, 
p. 43. Hot Water Heating in a Factory in Hoboken, N. J* 
April 4, 1908, p. 39. Power. Economics of Hot Water Heating, 
Ira N. Evans, Sept. 12, 1911. Hot Water Heating for Institu- 
tions, Ira N. Evans, May 14, 1912. Forced Circulation in Hot 
W^ter Heating, Charles L, Hubbard, Dec, 20, 1912; Nov. I8i 
1912. 



CHAPTER IX. 



MBCHANICAIi VACUUM, STEAM HEATING SYSTEMS. 



92. In Addition to the Brief DlNcuMilon of vacuum steam 
heating: as found In Art. 69, It will bo well to "QIscuss 
more in detail the various systems by which this hcatingr is 
accomplished. The advantagr^s to bo dorivod by the positive 
withdrawal of the air and the condensation from the radi- 
ators and pipes, compared to the natural circulation of the 
gravity system, are now too well ostablishod to n<'«'(l much 
discussion. Mains and returns that are too small, horizontal 
runs of pipinfiT that are unevenly laid so as to form air and 
water pockets, radiators that are only partially heated be- 
cause of the entrapped air, leaking: air and radiator valves, 
radiators partially filled with condensation and all the accom- 
panying: cracking: and pounding: througrhout many of 
the g:ravity systems, are sufficient causes to de- 
mand a cure, if such cure can be found. One should not 
understand by this statement that every mechanical vacuum 
system is a cure for all the ills In the heating: work, for even 
these systems may be improperly designed. The steam pipes 
may be too small to supply the radiators, although smaller 
pipes may be used in this than in the gravity work, the 
valves may be defective, or the vacuum specialties may be 
inefficient. Most of the defects in the average plant, however, 
are because of imperfections in that part of the system 
from the radiator to the boiler, and all of tlie first class 
vacuum systems are planned to meet just these conditions. 

Vacuum systems have other advantages over the gravity 
work, the principal one being that of lifting the return con- 
densation to a hig:her level. This Is noticeable in the plac- 
ing: of radiators or coils in basement rooms. Another very 
important advantagre is in the laying out of the heating coils 
for shop building:s and manufacturing plants. Low pres- 
sure gravity coils are limited to a length of about 75 feet 
Usually the condensation in a long coil of this kind is very 
great and requires extra heavy pressure on l\\e sVeoLTcv e^xv^ 
to circulate it. The steam follows the line ot least T«iaVs,\.^Tvc^ 
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and forces the air out of certain pipes and permits it to re- 
main in others, the differential pressure not being: great 
enougrh to eliminate all the air and heat the pipes uniformly. 
As a result of these conditions some of the pipes remain 
cold and ineffective as prime radiating surface. A vacuum 
system, with its positive circulation, increases the differ- 
ential pressure, removes the air and gives uniform heating 
effect in coils that are several times as long as can be 
safely supplied by the gravity system. The accumulation of 
air in the radiators and coils is especially noticeable in 
systems using exhaust steam. 

When exhaust steam from engines or turbines Is used 
in a gravity heating system, the back pressure is carried 
from atmospheric pressure to 10 pounds gage. With the ap- 
plication of the vacuum system it is possible to maintain 
this constantly at about atmospheric pressure. It is 
claimed by some, that it is possible to reduce the pressure 
in the radiators to such a degree that the pressure in the 
supply mains will fall considerably below atmosphere. No 
doubt the specialty valves may be set so as to do this, but 
it would scarcely be considered an economical arrangement 
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The principal features of a mechanical vacuum system 
are shown in Fig, 73. Live steam is conducted to the engrine 
and to the heatingr main, the latter through a pressure re- 
ducinfiT valve to be used only when exhaust steam is insuf- 
ficient. The exhaust steam from the engines and pumps 
is conducted to the heating: main and to the feed water 
heater. The exhaust steam line opens to the atmosphere 
througrh a back pressure valve which is set at the desired 
pressure for the supply steam. An oil separator shown on 
the exhaust steam line removes the oil and delivers it to an 
3il trap. At the entrance to the feed water heater, the 
exhaust steam passeis through a series of baffle plates which 
remove the oil and entrained water from that part of the 
iteaim. which enters the heater. A boiler feed pump and a 
/acuum pump, with the attending valves and governing ap« 
>liances, complete the power room equipment. The steam 
lupply to the heating system is piped to radiators and coils 
n the ordinary way, with or without temperature control. 
\. thermostatic valve, or patented motor valve, is placed at 
:he return end of each radiator and coil and these returns 
ire then brought together in a common return which leads 
:o a vacuum pump or ejector. The return pipe and specialty 
iralve for any one unit is usually % inch. The combined rc- 
:urn increases in size as more radiation is taken on. Hori- 
zontal steam mains usually terminate in a drop leg Whiclh is 
tapped to the return 8 to 15 inches above the bottom of the 
leg. Each rise in the system has a drop leg at the lower 
end of the rise. These points and all other points where 
condensation may collect are drained through specialty 
valves to the return. Water supply systems may be tapped 
for steam and return condensation the same as any ordi- 
nary radiator. Steam is carried in the main at about at- 
mospheric pressure, and just enough vacuum is maintained 
on the return to insure positive and noiseless circulation. 
In many cases w'here special lifts are required, these return 
systems are run under a negative pressure of 6 to 10 inches 
of mercury. Under such conditions water may be lifted 
from 6 to 10 feet. Either closed or opened feed water 
heaters may be used with the layout as given. (For com- 
parative sizes of gravity and vacuum returns see Table 38, 
Appendix.) 

Fig. 74 shows a section through the ■Mla,Ts\v riacMum \>Mm'v> 
vhlch represenHs a type very generally used iiv \.\v\^ -"wqxVw. 
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It will be noticed that tlila pump haa a steam operated valTe, 
The automatic Bovernlns feature o( this valve tends to 
equalize the cylinder 
/, presBure to meet tbe 

TarrlDg- reslstaoce in 
the main return of the 
heating ayatetn. Such 
a pump Is handling al- 
ternately Bolld watsr I 
and vapors. benM | 
there Is great tenden- 
cy of the orfllnarr 
pump to race snd 
pound at such tlmea 
In Its operatlOD tba 
steam enters at A. md 
passes Into the space 
B through the annu- 
lar opening be- 
tween the reduced 
neck of the valve and 
walL It Is thus projected against 
valve head before entering Into 
the cylinder. Od reaching tbe 
ivlng the piston to the right, the reaction of 
igh port D to the opposite side of the TalM 
further open the steam port O. The vain 
depending upon the relative strength 
end to move It In opposite direction*. 
in ateam which tends to close the valve, and the 
m which tends to open the valv«L Thli Is 
S feature. It will be noticed that the pump 
wo parts and carries steam at admission pras- 
le Inside. This steam la admitted aJong th* 
the center of the cylinder head, thenoe through 
a small tube and packing box to the hollow platon rod, 
which has a direct connection with the center o( the piston. 
When the piston has moved sumclently to bring the central 
apace E In line with the duct Q, steam Is admitted to the 
right of the platon valve thus forcing It back, cutting alt 
the steam at C, opening up the exhaust to the atDMSpher* 
through F and admitting steam to tho other end of tba 
cylinder. Tliv action is thus reversed and contlDuoiu. BJec- 
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. 'org operated l>y steam, water and electricity are also Uied 

I '0 produce a vacuum. No comparison Is made here of the 

I ''arlouB aystema of producing vacuum since each gives satls- 

'^ctlon wheu properly Installed. In each case there Is a 

'osa o( euersy but this loss la amply repaid In the added 

''Sneflta 

Several patented syatema of mechanical vacuum heating 
^''e now upon the market. Theae are in large nieaxure an 
•Outgrowth of the original Wllllamea System, patented in 
^SS2. Each system Is we)l represented by the above diagram 
'n all particulars concerning the steam and water cIpOu- 
'*-tion. The chief difference between them Is In the tftermo- 
^^%ti« or motor connectioQ at the entraDce to each Individual 

M. Wehtter STstc^t — In this system a pump Is used to 
*^*^aduce the vafiiunr. A special Httlns, called a tcater-eeal 
^'^nlor, or MersxMtiiHo Dalcc, Is used on all radiators, colls and 
^t-ainaKe polnta Fig. T6 Bhow^ a section ol one of the motor 
^B.Ive«. Other models are constructed so as to have the out- 
^^t In a horizontal direction, either parallel with or 90 de- 
crees to the InleL Pig. 7S shows an application of this to a 
*"adlator or coll. The dirl eirniner Is usually placed between 
the radiator or coll and the motor valve. This strainer 




coMects the dirt and pro 
C attaches to the retui 
leads to the vacuum pu 
end of Which Is a vaJv 



ts from clogging the motor valve. 

nd of the radiator or coil and L 

a la the central tube, the lower 
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The ;uBCi!oa cf the CF::=deT J fa to raise the tnt>e O from 
the >^Bt B and OP'^3 ir.e discharge id Xiie pump. OnHnarlly, 
the fl'jat Is dawn ac4 the central tube valve la resting Dpan 
the !eat and cu-^t off communication witb the radiator, ex- 
cepting' as air may be drawn from the radiator down the 
central tube around the 9?:ra! p^ug. The water o[ conden' 
aatlon accumulating In the radiator or coil passes into the 
chamber £. sealing the va:v^. and when sufficient water tiu 
accumulated to lift the fluai. It opens a paBsageway for ■ 
certain amount of the water to be withdrawn to the return. 
When thiB water becomes lowered sufficiently, the valie 
again seats Itself and the cycle la completed. This action 

motor valves are made of three slaea, % Inch, ^ Inch anfl 1 
inch. The first Is the standard size and has a capacltr o' 
approilmately 200 teet of radiation. 

Fig. 77 shows ihermottalic talrct. It wilt be Been that 
the automatic feature In a Is the Compound rubber stalk, 
wtilcti expands and contracts under beat and cold. Tbe 





Fig. 77. 

IJustlns screw at the top permits the valve to bo set tof 
ly cundJtlona of temperature and priz^'-ure within the rsdl- 
■or. The water of condensation passea through a screen 
lid comes In contact with the rubber stalk The temperi- 
iro of tho water being less than that of steam the staff 
wtracts and tho water la drawn through the opening i " 
« action of the pump. As soon n-a ^.^l'' "i^.^" has been rs- 
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moved, steam flows around the stalk and expands until it 
closes the seat. This process Is a continuous one and auto- 
matically removes the water from the radiator. The screen 
serves the purpose of the dirt strainer as mentioned above. 
Fig. 77, 6, shows a sylphon arrangement where the movement 
of the valve is obtained by the expansion and contraction of 
the fluid inside the bellows. 

A auction strainer, which is very similar to the dirt strain- 
er only larger in capacity, is placed upon the return line 
next the pump. This fitting usually has a cold water con- 
nection to be used at times to assist in producing a more 
perfect vacuum. The piping system for the automatic con- 
trol of the vacuum pump is shown in Fig. 78. It will be 

seen that the vacuum in the re- 
turn operates through the gover- 
nor to regulate the steam supply 
to the pump cylinder, thus con- 
trolling the speed of the pump. 
Occasionally it is desirable to 
have certain parts of the heating 
system under a different vacuum. 
An Illustration of this would be 
where the radiators within the 
building were run under a neg- 
ative pressure of about one 
pound, and a set of heating coils 
In the basement were to be carried under a negative pressure 

of four pounds. The Web- 
ster System, type D, Fig. 
79, imjeets this condition. 
The exact difference be- 
tween the suction pressure 
and the pressure in the 
radiators can be varied to 
suit any condition by the 
controller valve. A trap 
and a controller valve 
should be applied to each 
line having a different 
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Fig. 79. 
pressure from that in the suction line. 

A modulation valve, for graduating the steam supply to the 
radiator, has been designed by this Com^^^xv^ lauxv^ xcsscj 
be applied to any W&bster Heating Sys\.em \.q a.^^\^\. Vcs. Vy^ 
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regulation. This modulation valve serves to graduate the 
steam supply to the radiators so that the pressure may be 
maintained at any point to suit the required heat loss from 
the building. 

04. VnnAuken System: — In this system, as in the pre- 
vious one, the vacuum in the return main is produced by a 
vacuum pump wihich is controlled by a specially designed 
governor. The automatic valves which are placed on the 
radiators, coils and other drainage points along the system, 
are called Belvac Thcrmofiera, and are shown in section by 
Fig. 80. This valve is automatic and removes the water of 

condensation by the controlling ac- 
tion of a float. It is connected to the 
radiator or coil at K and to the vacu- 
um return pipe at L. The water of 
condensation Is drawn through the 
return pipe into chamber D until it 
reaches the inverted weir E which 
gives it a water seaL It is thence 
drawn upward into space D until it 
overflows into the float chamber ii» 
where it accumulates until the line 
of flotation is reached. When the 
float C lifts, the valve seat at B 
opens and allows the water to es- 
cape into the vacuum return pipe. 
After the removal of the water the float again settles on seat 
li until sufflcient water accuanulates in the float chamber to 
again lift it, when the cycle is repeated. 

The air contained in the radiators or coils Is drawn 
through the return and up through chamber D into the top 
of the float chamber. Hero its direction follows arrows 00, 
being drawn through the small opening in the sulde-pin at 
F, down through the hollow body of the copper float and 
valve seat B, into the vacuum return. This removal of air is 
continuous regardless of the amount of water present. The 
by-pass 1, when open, allows all dirt, coarse sand or scale 
to pass directly into the vacuum return, thus cleaning the 
valve. By opening the by-pass I only part way, the con- 
tents of chamber A may be emptied into the vacuum return 
without interfering with the conditions in space D. The 
ends of the float are symmetrical, hence it will work either 
rraj". TVie thermoiiers are made \n tour al^Liv^wcd sizes of 




Fig. 80. 
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outlets, two having H Inch and two having % Inch outlet: 
These valves have capacities of 126, 300. SSO and 1300 aiiuar 
feet of r'adlatlon respectlvply. 

Drop legs, strainers, governors and other apeclaltle 
uauBlty provided by such companies are supplied In addUlo 
to the thermofiers. When a differential vacuum Is to be ob 
talncd a special arrangement ol the piping system Is planne 
to cover this point. The piping connections around the auto 
Twa tii- pump governor arc the same as are shovrn In Fig, 7) 

to. Aotamatle Vaeaam Sjatemi — In this systeni th 
auUmtalic vacuum mire, whloh takes the place of llie tnoto 




dirt, should the valve 
clog. With such an ad- 
justment the bonnet of 
the valve may be re- 
moved tor Inspection 
without overflowing. Re- 
*''B. 81. [ore tho steam la turned 

on In the radiator the float Is tipped, as shown In the flgure, 
making a small wedge shaped opening: through whloh the 
vacuum can pull on the radiator. When steam is admitted 
to tha radiator, condensation Hows Into the valve, lifting 
tho float and sealing the outlet against the passage of 
steam. As the valve continues to an with water the float 
Is lifted, and water passes 




piping connec- 
tions arouni'ttus Rirt.o-ma.V.c 
pump goverT\or. 11. "«VW ^i* 
seen tliat t.\i\3 c.o'vTvcttW^ti. 
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differs from those of the Webster and VanAuken Systems, 
in that the pressure in the return main controls the flow 
of injection water into the suction strainer. 

96. Dunham Systems — The special valve used upon the 
returns from radiators, coils and drainagre points in the 
Dunham System is shown in Fig. 83. The chamber between 
the two corrugated disks AA is filled with a liquid which 
vaporizes at low temperatures. The adjustment is so made 
that the tem,perature of the steam creates pressure enough 
between the disks to close the valve and cut off drainage 

to the vacuum pump. When 
water collects under the disks 
the temperature of the water 
|rad is sufficiently cooled below 
that of the steam <to condense 
some of the liquid, reduce the 
^"tTj^"* oq pressure and open up the valve. 

The action is therefore auto- 
matic and controlled entirely by the temperature of the 
water or steam in contact with the disks. In other re- 
spects this system is very similar to those previously de- 
scribed. 

97. Paul System: — Referring to Art. 69 it will be seen 
that the Paul System is essentially a one-pipe system, with 
the vacuum principle attached to the air valve. Its use is 
not restricted to the one-pipe radiator, since it may be ap- 
plied to the two-pipe radiator as well. The advantage to 
be gained, however, when applied to the former, is much 
greater than in the latter because of the greater possibility 
of air clogging the one-pipe radiator. This one fact has 
largely determined its field of operation. This system dif- 
fers from the ones just mentioned in two essential points; 
first, the vacuum effect is applied at the air valve and the 
water of condensation is not moved by this means; second, 
the vacuum effect is produced by the aspirator principle 
using water, steam or compressed air, as against the pumps 
used by the other companies. The same principle may also 
be applied to the tank receiving the condensation. By this 
means It is possibUe to remove all the air in the system and 
to produce a partial vacuum if necessary. Ordinarily the 
vacuum is supposed to extend only as far as the air valve 

a^t the radiator. It desired, however, IMa v'aVv^ tsi«lv V*^ ad- 
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Justed so that the vacuum effect may be felt within tlie radi- 
ator, and In some cases may extend Into the supply main. 
Many modifications o( the Paul System are being- used. In Its 
latest development the layout of the system for large plants. 




Pig. 84. 



1b about the same as that shown In Fig. 73, where all of the 
principal pieces of apparatus that go to make up the power 
room eq.uipment are present. Fig. 84 shows a typical vacu- 
um connection between one-pipe and two-pipe radiators and 
the eihauBter. This diagram shows the discharge leading 
to a tank, sewer or catch basin. If exhaust steam were 
used, the discharge would probably lead into the steam 
supply to one or more of the radiators and then Into the 
atmioaphere. Where electric current can be had this ex. 
hausting may he done by the use of an electric motor. A 
apeelally designed thermostatic air valve Is supplied by the 
Company to be used on this system. 

Other oacuum ipalems, each having a full line of specialty 
appliances, might be mentioned here but the above are con- | 
Udered aatBclent. 
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DESCRIPTION OF BT8TZ1I8 AND APPARATUS Elf PLOYED. 

16. Flre-placea, Storeiit Fumacea and Direct Radiation 
iwam of both steam and hot water have, individually, 
ntases and disadvantages, but, in common, all lack 
; is increasingly being considered as of more import- 
than heatinfiT, namely, positive ventilation. Merely to 
a poorly ventilated apartment only serves to increase 
discomfort of the occupants, and modern legislativo 
38 are reflecting the opinion of the times by the passage 
ompulsory ventilation laws affecting buildings with 
erous occupants, such as factories, barracks, school 
es, hotels and auditoriums. To meet this demand for 
positive ventilation of such classes of buildings, there 
been developed what is variously known as the hot hlaat 
%g snetem, plemtm t y i lfm , Ian hlast eysiem or mechanical tcarm 
Ifstem, 

W. Blementfl of thm Mechanical W'^arm Air System:— 

wn by whatever name, this system contemplates the 
of three distinctly vital elements; first, some form of 
metallic surface over which the forced air may pass 
be heated; second, a blower or fan of some description 
ropel the air; and third, a proper arrangement of ducts 
passageways to distribute this heated air to desired 
tions. Figs. 96 and 97 show these essentials, fan, 
:ing coils and ducts in their relative positions with con- 
ions as found in a typical plant of this system. Many 
chments and improved mechanisms may be had to-day 
:onnection with this system, such as air washers and 
lidifiers, automatic damper control systems, and brine 
ing systems whereby the heating coils may be used 
cooling coils, and, during hot weather, be made to 
ntain the temperature within the building from 10 de- 
28 to 15 degrees lower than the almospYveTe. "^oxv^ c>^ 
Je auxiJjariesv however, change in any way Wve Tv»?ee^«\V3 
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for the three fundamentals named and their general ar- 
rangement as shown. 

100. Variations in the Deslgrn of Mechanical 'Warm Air 
Systems: — .With regard to the position of the fan, two meth- 
ods of installing the system are common. The first and 
most used is that shown in Fig. 85, a, where the fan is in 
the basement of the building and forces the air by pressure 
upward through the ducts and into the rooms. . This causes 
the air within the entire building to be at a pressure 





•a. Plenum System. b. Exhaust System. 

Fig. 85. 

slightly higher than the atmosphere, and hence all leak' 
ages will be outward through doors and window crevices. 
A system so installed is usually called a plenum system. The 
fan may, however, be of the exhausting type. Fig. 85, b, 
and placed in the attic with which ducts from the rooms 
connect, so that the fan tends to keep the air of the build- 
ing at a slight vacuum as compared with the atmosphere* 
thus inducing ventilation. Air is then supposed to enter 
the basement inlet, pass over the coil surface, and, when 
heated, pass to the various rooms through the ducts pr^' 
vided. But air from the atmosphere will just as readily 
'eaJc In at windows or other crevices, as eom^ \tv over tli« 
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heaters, and then the ayatem will fall In Its heatluK worlc 
For this reasoa the txkaiut htatlng ivilrm, ai It li UBually 
known, is seldom Installed. cicEpt where aid In the prompt 
removal of malodors is desired. Combined plenum and ex- 
haust ByatemB are to be recommended wherever the eipenie 
can be Justified. 

lOl. BlowerK end Fbbbi — Many melhoda of movlnB- air 
(or venlllHllnjc and heating- purposes have been deviggd; 
some positive at all times, others so dependent upon the ex- 
istence of certain conditions as to he a constant source Of 
trouble. It is coming lo be a very generally accepted tact, 
that It air is to be delivered at definite tlmca, In deflnitu 
quantities and In definite places, It must he furci'd there, and 
not merely allowed to go under conditions readily changing 
or disappearing. The recognition of this fact has led to a 
of the mechanical fan or blower for im- 
and this use has, In turn, caused the develop- 

: of fans and blowers to a fairly high degree of 



elDciency. 




fig. 86, 



By the aid of mechanical apparatus, air may be moved 
WsHlvely In either of two ways, by the exiiauat melfiod or 
by Ihe plenum method, each having tana developed best suited 
*» its needs. In the exhaust method the tati \a tf>TOTnt>-!.\'j 
"' tbe «#* or propeller Wade type, shown in 'FVks. *'o a-'^^ 
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ET, ana moves the air by suction. It 1b usuallr installed In 
the sttlc or near the top of the bulldlnB-, although with • 

The plenum system uses a tan of the paddle wheel or mul- 
tiple blade type, shown In Figs. B8 and B9; the first ia the 
standard form ot fan wheel In common use, and the second 
ia a mure recent development ot the same, called the "tur- 
bine" fan wheel, shown direct connected to a De Li 
steam turbine. The wheels of the fans are also ibo 




Tests ot the latter wheel seem to show a somewhat blE'i'^ 
efficiency than has heretofore been possible with the oH" 
forms. Both of these Torms or fans are used in plenum 
work, and are placed on the forcing side ot the circulating 
system just between the atr intake and the heater c 
or just following the heater colls, and hence produce a p 
sure within the building or suite heated, so that leakage! 
are outward and not so detrlmenta! to the good workiui 
ot the plant as in the exhaust system. 

The motive power for fans may be of tour kinJ>. 
electric direct drive, steam engine or steam turbine direct 
drive, and belt and pulley drive, as shown In Figs. ST, SS, t> 
and 90. Which ot these drives will be the moat approprliU 
Will depend entirely upon local ■oonavUoTiB ana ttw nature 
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"' the available power supply. The steam 
'"■filne drive Is perhaps tbe most 
^'^m must bs present lor the supply of 
^"i since, too, tbe exhaust of the englni 
1*6 used to supplement the live ateam i 
Spa Art. 122. 



' heating'. 




Fan houslnsB are made in many dlRerent styles, and 
of various materials, the more readily to fit any given set of 
conditlonH. Materials employed may be of brick, wood, sheet 
steel or combinations of these. Steel housings are the most 
common and are made In such a variety of patterns as 
will fit any requirement of plenum duct direction. What 
are known as full housings are those In which the entire fan 
wheel is encased with steel and the entire unit is aelt-con- 
tained and aibove the floor line. Three-qtiartrr housings are 
those In which only the upper thtee-louT^Ua oty\«.ta.u'w^ftfe\ 
/a encased, the completion ot the aU-avjeev ft.to-o.-iii. 'Cm^ 
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paddlcB being obtained by properly forming the brick loui 
datlon upon which the fan Is installed. The larger t*t 
are commonly three quarter housed, especially ir they u 
to deliver air directly Into underground ducts. Fig. f 
Bhows a full housing and Fig. 90 a three-quarter houihu 




rig 90 Fig. 31. 

The circular opening In the housing around the bIiiI 
Of the wheel la the inlet of the (an, the air being throw 
by centrifugal force to the periphery and at the same tin 
given a circular motion thus leaving the fan tangentlill 
through the discharge opening. Fans may be obtained whlc 
win deliver at any angle around the circumference, and tu 
may be obtained with two or more discharge openings, un 
ally referred to as "multiple discharge fans," aa shown 1 
Fig. »l. Some fans have double side Inlets, i. e., air enlei 
tho fan from each side at the center. These openings »i 
smaller than the single side Inlet. All fan casements shoul 
be well riveted and braced witih angles and tee irons. Tt 
shaft should be fitted with heavy pattern, adjustable. leH 
oiling bvarlngs, rigidly fastened to the casement and prol 
erly braced. The thickness of the steel uaed in the casemer 
varies according to tho size of the fan, from No. 14 to No. 1 
tor sizes In general use. The fan wheel should be welt a» 
structcd upon a heavy spider to protect against dlstorll" 
from Huddtn starting and stopping. The aide clearance I" 
tween the wheel and casement should be small. Fans shoal 
be bolted to substantial foundations of brick or conoret 
When connecting them to metal ducts where any sound tm 
the motion of the fan may be transmitted to >the roomi. " 
connection should be made througli aBi.tti\« ^\^■w«T clatl 
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\92, Ii*reB]i Air Brntrance to Balldlnflr and to Rooms i-« 

Th% air may enter through the building wall at the ground 
^^Vel or it may be taken from a stack built for the pur- 
i*Ose, providing a down draft with entrance for the air 
^t the top. This may be done in case no washing or clean- 
ing systemtS are applied and in case the air is heavily 
Charged with dust or dirt from the street. Usually in 
Isolated plants or in small cities, the air is taken in near 
the ground level from some area-way that is fairly free 
trom dust. In the larger cities, however, either a washing 
«ystem is installed to cleanse the air before it is sent 
around to the rooms, or the air is taken from an elevation 
somewhat above the ground as spoken of before. The ve- 
locity of the air should be from 700 to 1000 feet per minute 
at this point and where grill work or shutters of any sort 
are put in the opening, they are usually so planned as not 
to seriously obstruct the flow of the air. Usually a plain 
fiat wire screen is placed in the opening to keep out leaves, 
and doors are swung from the inside in such a way as to be 
thrown open, leaving practically the full value of the open- 
ing as a net area. 

Air entrance to rooms is accomplished through registers 
or gratings which cover the ends of rectangular ducts or 
conduits called stacks, built into the brick walls and open- 
ing into the respective rooms much as shown in section by 
Fig. 22. Register sizes considered standard are given in 
Table 17, Appendix. The velocity of the air at a plenum 
register may be somewhat higher than in a simple fur- 
nace installation. In the plenum system the heat reg- 
isters are usually placed well above the heads of the occu- 
pants, near the ceiling, and the vent registers near the 
floor. Velocities allowable at registers and up stacks are 
shown in Table XIII, page 172. 

103. Plenum Heatlngr Surfaces: — •Heating surfaces as 
used to-day in connection with plenum systems may be 
divided into two classes: coil surface, made of loops of 1 or 
1% inch wrought iron pipe and cast surface, made of hollow 
rectangular castings provided with numerous staggered pro- 
jections to increase the outside surface and provide greater 
air contact. To make a heater of either kind of surface, 
successive units are placed side by side, until the requisite 
totaJ area and depth have been obtayVned. T\v^ \,Q»\,"a.\ TCvxxcC^^-t 
>/ square fe&t of cast or pipe coll surlaci^ ^^^q^^^ \.^ "Oc^^ 
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air determines the total number of heat unlta given to th* 
air per hour, waille the depth ot the heater controla the Bnal 
temperature of the air leaving the heaiter. Bach of th«H 
points must be considered In deslsnlas the heater syttcm. 
(See Arts. IIS and 119). 

Pipe colla may beuied 
under high presiuni 
but ca« colla shonU 
never be used under 
pressures exceedlns M 




1 pier 



n hest- 



Flg. 93. 
wlilch forms the base of the 
the pipes horizontally betwei 
Fig. 93, and ■that having o 
header horizontal called the 
and last forma shown are made with two, three Or four 
pipes In depth. The stanil- 



Ing surfaces Bbould b 
well vented and drained- 
Ample allowance t.W 
should be made for ex- 
pansion and contractlOB- 
Coll surface Is ol 
three klnda, that hat- 
ing the pipes Iniertet 
vertically Into a h 
KOntal cast Iron header 
tlOD, Fig. S2, that havlDf 
wo vertical aide headen. 
header vertical and • 
t cotl. Fig. Si. Tbe I 




IDS these pipes are spaced 
straight lines parallel 
.h the wind and some- 
lea arc staggered. Stag- 
gered spacing DO doubt 
kea each pipe allgbtlr 
re eRtclent but It adds 
friction to the air cur- 
rent and power to the fan. EUlcicncy tests of both apae- 
Inga, however, show little dlfferenct- in these methoda Th* 
horizontal sectlonH and the mltrc sections present this ad- 
vantage ovfr Dif vertical pipe sections, that the steam and 
CDfldi'nsalion are ulways flawing in the aanle direction and 



Flff. S3. 
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^ drainage la very slmpl*. With 
th« vertical pipe BectlOD, 
(team In one-half of the 
pipes muBt paaa upward 
agalnat the direction of the 
flow of condeniatlon or It muit 
carry the condonsatlon with It. 
That halt of the header aup- 
plylng pIptB which carry 
■ team upward Is usually 
drained tor condensation by 
a small hole directly into the 
, return with the result that 
J steam often blows through 
the header without travers- 
ing the pipe clrnuttB. The 
third, or mitre action, In ad- 
dition to perfect liralnage, has 
perfect eiponalon. The ver- 
tical header serves as a 
steam supply and tlie horizon- 
tal header as a drain, permit- 
ting every pipe to assume any 
position necessary to account 
tor a reasonable ctianjie of 

Cast Iron radlatlUK surface 
for plenum systems is shown 
m Fig. 9B, It la composed, 
primarily, of »ection» not un- 
like the sections of an ordt- 



dlre 



the 



way In which they are Joined 
together at the top and bot- 
tom by nipples, thus forming 
what Is termed a. itack. Stacka 

front of another, with respect 

air passes through them, the 
completed heater being then 
more or less cubical Vti 'v^o- 
portlon. The figure !\iq-«* ». 
heater two secUona \xv &e^V"^ 
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and ten sections In width. Provided the conditions demand 
it, the heater may be built two or even three stacks in 
height, thus doubling or triplingr the gross wind area. See 
Art. 119. 

/Cast iron heaters are usually of the Vento type and are 
made in two thicknesses, 6.75 and 9.125 inches in the direc- 
tion of the air velocity. They are also made in three 
heights, 40, 50 and 60 Inches. These heaters present the fol- 
lowing amounts of heating surface: 6.75 inch sections— 
7.5, 9.5 and 11 square feet; 9.125 inch sections — 10.75, 13.5 
and 16 square feet of surface for the 40, 50 and 60 inch 
sections respectively. These sections give such a variety of 
sizes as to permit combinations to fit almost any possible 
requirement in net area, gross area and heating surface. 
It is unusual to assemble less than five or more than twenty- 
five sections to the stack. By the proper adjustment of 
number of sections to the stack, and of stacks to the heater, 
any requirement of hot blast work may be met. 

No matter what kind or type' of heaters may be selected, 
certain methods of installing them have become common. 
They may be placed on either the suction or the force side 
of the fan, usually the former In drying or evaporating 
plants, but more often the latter in heating plants. Because 
of their weight, ample and firm foundations must be pro- 
vided. In most installations for heating purposes, wQiere 
both tempered and heated air is supplied, the heater should 
be raised on its foundation IS to 24 inches to allow a 
damper and passage way for tempered air. 

104. Division of Coll Snrfacei— It is considered best 
practice to install a hot blast heater in two parts, known 
as the tempering coil and the heating coil. In the calculations. 
Arts. 115-119, the total heating surfaoe is first obtained and 
then this is split up into whatever arrangement is desired 
The tempering coils should be pkiced in the air passage 
Just within the intake for the building and sbould contain 
from one-fourth to one-third of the total heating surface. 
In this way the air is tempered before it reaches any other 
apparatus, thus protecting from accumulation of frost on 
fan and bearings and aiding in the process of lubrication. 
The main heat cojl is placed just beyond the fan on its force 
side. Referring to Figs. 96 and 97 it will be seen that tb« 
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Ptg. 9(. Pan Room Layout with Sinnle Ducts along 
Basement Celtini; ■and all Mixing DamptTa B,t "e\c^\itt 
Chamber. 
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Fig. 97. Fan rtoom Layout with Double Undersroutl 
Z>acta and HlxIng Dampera at Ba.Ee ot 'B.ooia Btacka. 
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^^atlng coils can be of ser.vice only at such times as the 
*^n Is in operation. If now these coils were split up into 
^^all heaters and placed at the foot of the stacks leading 
^o the various rooms then air could be by-passed through 
the plenum chamber and ducts, over the various radiating 
Surfaces to the rooms. In this way the heaters could be 
Used as indirect gravity heaters. The radiation in such a 
case would be insufficient to keep the rooms at the same 
temperatures as if the same amount of surface were placed 
in the plenum coil next the fan. When the fan is in oper- 
tlon the air is moving at a high velocity over the heating 
surface and the rate of transmission is very high. On the 
other hand, when they are placed at the foot of the stacks 
and used as indirect heaters, without the operation of the 
fan, the air velocity and the amount of heat delivered to 
the rooms are correspondingly reduced. In some cases the 
heating colls are arranged in this way and used when the 
building is not occupied. The convenience of such an in- 
stallation can readily be seen; however, the expense of in- 
stalling is greater than where they are assembled as coiis 
at the fan. Exhaust steam from the engine is commonly 
used In the tenipering coil and live steam of low pressure 
in the main heating coil. This may be varied by conditions, 
however, and all surface supplied by exhaust steam if it is 
thought advisable. 

loss. Slnsle Duct Plenam System t — Duct systems in hot 
blast work may be either of the single duct type or the 
double duct type. In the single duct plant, every horizontal 
duct is carried independently from the base of the room to 
be heated to the small room called the plenum chamber, which 
receives the hot blast from the heater. This chamber is 
divided into an upper and a lower part, the upper receiving 
the heated air that has been forced through the heater, 
while the lower part receives only air that has been through 
the tempering coilsi, or vice versa. The leader duct from 
the base of each vertical room duct Is led directly opposite 
the partition between these two chambers, and a damper, 
regulated by some system of autam<atic control from the 
rooms to be heated, governs whether cool air from the lower 
chamber, or hot air from the upper chamber, or a mixture 
of both, shall be sent to the rooms. This system produces 
rather a complicated net work of dampexa a.Tv^ ^w^\.^ ^X. 'C^'^ 

plenum chamber and this disadvant^age \va.a WmW.^^ Vv.^ ^^-'^'^^ 
verjr much. 
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mor« OF l«as eompllcalcd baffle platea. which cause the al' 
to chanKe Its direction suddenly many times In auccesakm. 
with the effect that the water particles Impinge upon and 
adhere to. the hafHe plates. These are suitably drained to 
the collecllns pan lieneath the washer. As the air leayal 
the eliminator and enters the fan it may. with Kood ap- 
I, be relieved ot 9S per cent, of all dust and dirt, mU 




sture to very near the saturation point 
' time under favorable conditions, may bt 
cooled from S to 10 degrees lower than the atmospberfc 
This is due to the coollns effect of vaporizing part of ll>t 

Special air cooling: plants liave been Installed in connec- 
tion with the plenum system of ventilatioo, whereby retrlE- 
erated brine could be circulated in the regular heating colli. 
The description of such a plant with data, may be found In 
le A. S. H. & V. El (or the year ISM. 



CHAPTER XI. 



MBCHANICAIi 1¥ARM AIR HBATINO AND 
VBNTILATION. FAN COIIi SYSTEMS. 



AIB, HEATING 8UBFACE AI7D STEAM REQUIREMENT. 
PRINCIPLES OF THE DESIGN. 

106. Deflnltloiui of Termat — In the work under this sen- 
iral heading:, some of the technical abbreviations that are 
•requently used are the followiner: IT = B. t. u. heat loss 
)er hour by the formula, ffv = B. t. u. heat loss per hour by 
ventilation, H' = total B. t. u. loss including ventilation 
088, Q = cubic feet of air used per hour as a heat carrier, 
It = cubic feet of air used including extra air for ventila- 
:lon, R = total square feet of heating surface in indirect 
^leaters, U = temperature of the steam or water in the 
heaters, t = higrhest temperature of the air at the register 
(let this be the same as the temperature of the air upon 
leaving the heater), *' = temperature of the air in the room, 
^ = temperature of the air at the register when extra air 
Is used for ventilation, U = temperature of the outside air, 
^ = rate of transmission of heat per square foot of surface 
per degree difference per hour, "N = the number of persons 
to be provided with ventilation, T = velocity in feet per 
Diinute and v = velocity in feet per second. Other abbre- 
viations are explained in the text. 

lOO. Theoretical CoiuilderatloiiMs — ^For illustrative pur- 
poses, references will frequently be made throughout this 
discussion to a sample plenum design. Figs. 104, 105 and 106. 
l^hese show the essential points of most plenum work and 
^111 serve as a basis for the appllcatj'ons. In working up 
iny. complete design the following points should be theo- 
fetlcally considered for each room: the heat loss, the cubic 
Ceet of air per hour needed as a heat carrier (this should 
be checked for ventilation), the net area of the register 
'n square inches, the catalog size of the register, and the 
*rea and size of the ducts. In addition to these the follow- 
ing should be investigated for the entire p\aT\.V. X.'tv^ «>V«»^ 
>' the main leader at the plenum chamber, l\ve aVxe o^ ^^^ 
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principal leader branches, the square feet of heating sixr- w^ 

face in the coils, the lineal feet of coils, the arransrementff 
of the coils in grroups and sections, the horse-power an^ 
the revolutions per minute of the fan Including the sizes 
of the inlet and the outlet of the fan, the horse-power ot 
the engrine including: the diameter and the lengrth of stroke, 
and the pounds of steam condensed per hour in the coils. 

Fresh air is taken into the buildingr at the assumed 
lowest temperature, U degrees, is carried over heated colls 
and raised to i degrees, is propelled by fans through ducts 
to the rooms and then exhausted through vent ducts to the 
outside air, thus completing the cycle. It. will be the object 
to so discuss this cycle that it will be general and so it will 
apply to any case which may be brought up. 

110. Heat liOMi and Cable Feet of Air Blxkaiuted per 
Heart — It is assumed here, that in all mechanical draft 
heating and ventilating systems, tht circulaUng air is all taken 
from the ouittide and ihroicn away after "being used. Some installa- 
tions have arrangements for returning the room air to the 
coils for reheating, but such schcpies should be considered 
as features added to the regular design rather than as being 
a necessary part of It. It is best to design the plant with 
the understanding that all the air is to be thrown away» 
It will then be large enough for any service that It is ex- 
pected to handle. Having found // by some acceptable 
formula, the total heat loss Is (compare with Arts. 29 an^ 
36.) 

(0 or <?') (f — U) 
W = 11 + (87] 

55 

When f = 70 and to = zero, this formula reduces tO- 

jr = U + 1.27 (Q or Q') 

To determine whether Q or Q' will be used And how man 
people would bo provided with ventilating air with th 
volume Q. If Q = 55 // -r- (* — f ), t = 140 and f = 70, the 

55 // JT B 

N = = = approximately 



1800 (t—V) 2290 2800 

If more people than N will be using the room at any one 
time, then Q' will be used instead and this value would 
1800 times the number of persons In the room. In any or- 
dinary case, Q will be sufficient. When this is so, fopinul^^^ 
S7 reduces to * 

If' = 2 II W 
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lie reasoning: of this formula is easily seen when it is re- 
embered that the heat grlven off from the air in dropping: 
om the reg:ister temperature, 140*. to the room tempera- 
ire, 70% g:oes to the radiation and leakag:e losses, U, while 
lat s:iven off from the inside temperature, 70*, to that of 
le outside temperature, 0*, is charg:ed up to ventilation 
sses, IT*. Since these values are equal, W =^ 11 -{• Hw = 2 H, 

Appucation. — Referring: to Fig. 105, room 15, and Table 
VI, page 176, it is seen ithat the calculated hccut loss //. for 
is room, with f = 70 and /• = 0, is 70224 B. t. u. per hour; 
so, that the cubic feet of air, Q, [t t = 140, is 54775 per 
)ur. Applying formula 39, the total heat loss, //', he- 
mes 140448 B. t. u. per hour, or twice the amount found 
'' the heat loss formula. With 54775 cuibic feet of air sent 

the room per hour, this will provide good ventilation for 
irty persons. Suppose, however, that fifty persons were 

be provided for; this would require 50 X 1800 = 90000 
ibic feet of air per hour. With this Increased number of 
iople in the room, the total heat loss would not be as 
ated above, but would be according to formula 37. 

90000 (70 — 0) 

H' = 70224 + = 184864. 

55 

111. Temperature of the Entering Air at the Register t 

•In plenum worK the registers are placed higher in the 
all and the velocity of the air is carried a little higher 
lan In furnace work. It may be said that 140' is probably 
le accepted temperature for design, excepting where an 
ctra amount of air is demanded for ventilation purposes. 
1 the latter case, the temperature of the air would neces- 
irily drop below 140* in order that the room would not be 
verheated. The general formula is 

55 H 
U=zr + (40) 

Appucation. — ^Referring to room 15 and (compare with 

.rt. 38) assuming the heat loss to have been figured as 

efore with ventilating air supplied suflficient for 50 per- 

ons, 90000 cubic feet per hour, then the temperature of the 

ir at the register is 

55 n 

*= 70 H = 113" 

90C00 
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The temperature of the air at the register Is the 
■ame or Bllgrhtly leas than the temperature ot the air Txprm 
leavlne the colls. H this room were to be the only od« 
heated, then the coUa would be ngured tor a final temper- 
ature ot the air at 113°, but other rooms may have air 
entering at higher temperatures, henoe the temperature I 
upon leaving the coils should be that ot the highest t at 
the registers. 

112, Cnktc Feet of Atr Needed per Honri — The following 
amount ot air will be needed per hour as a beat carrier 
(compare with Art. 3G). 

bi H B 

Q = ; where t = 140 atid C = 70, = 

( — C 1.37 

If extra air he neededfor ventilation, C = 1800 S. 

113. Atr Velocities, 7, In tke PleMmi S7«teiiii— Table 
XIII gives the velocities In (eet per minute that have been 
round to give good satisfaction In connection with blawei 

3 xm. 



r Velocities In the Pier 



n Syster 





Fresh 

Bir 
intake 


co^la 


'B' 


duota 


Stacks 


o?ia;jr 
openV 


Offlees. 
schools, etc. 


ii 




1800 
sarisoo 


1200 


say 800 


400 
sarSffl 


Audltorluma 


sayiaoo 


1000 to 

IBOO 
aeyisoo 


3™ 


3 


Bhopsand 


IRiOto 
gay 5000 


lonoto 
2000 


800 to 


WMO 



114. Cfoib Sectional Ares of RcslBterB, Dncts, ele.*" 

With thE. above velocities In feet per minute, the sqoltt 
Inches of net opening at any part of the circulating 'f 
tem can be obtained by direct substitution In the genertl 
formula 



= (0 or g-) > 



144 



: 2,4 - 



(g o 



0') 
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The calculated duct sizes, of coureo, refer to the warm 
air duct. The cold air duct In double duct systems need not 
be so largre because on warm days, when only tempered air 
Is needed, the steam may be turned off from one or more 
of the heaters and the warm air duct can then be used to 
furnish what otherwise would be required from tlie cold 
air duct. On account of this flexibility, it seems only nec- 
essary to make the cold air duct about one-half the cross 
sectional area of the warm air duct. For convenience of 
installation, therefore, it would be well to make the former 
of equal width to the latter and one-half as deep, unless by 
so doingr the cold air duct becomes too shallow. 

Application. — ^Assuming- 2000000 cubic feet of air to pass 
through the main heat duct, Fig. 104, per liour at the veloc- 
ity of 1800 feet per minute, the duct will bo approximately 
20 square feet in cross section, or 2% by 8 feet. The two 
main branches at B will carry about 800000 cubic feet por 
hour each at the same velocity and will be 7.4 square feet 
in area or, say 2 by 4 feet. The same branches at C will 
carry about 400000 cubic feet per hour each at a velocity of 
1500 feet per minute and will be 4.4 square feet In area or, 
say 2 by 2% feet and the branch D will carry about 300000 
cubic feet at a velocity of 1200 feet per minute and will be, 
say 1% by 2% feet. 

The stack sizes were first figured for the velocity of 600 
feet per minute. These sizes were then made to fit the lay-. 
Ing of the brick work such that the velocities would be 
anywhere between 300 to 600 feet per minute. The net 
register was figured for an air velocity of 300 feet per 
minute and the gross registers were assumed to be 1.6 
times the net area. See Art. 134. 

115. Square Feet of Heatlnar Surface, R, In the Colin: — 

To determine theoretically the number of square feet of 
heating surface in the coils of an indirect heater, the fol- 
lowing formula may be used: 

77' 
R = (42) 

t+tc 



( ■-^) 



Bule. — To find the square feet of coil surface in an indirect 
J^oter, divide the total heat loss from the building in B. t. u. -pcx 
JOK»" fty the rate of trans^nission, muUiplicd by tl\e dxttcreuce xtv 
^^Perature between the inside and outside of the coils. 
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Since the coils are figrured from the entire building- loss, 
//' will include the sum of all the heat losses of the various 
rooms. The chief concern in the use of this formula, as 
stated, is to determine the best value for K, the rate of 
transmission. Prof. Carpenter In H. and V. B., Art 62, 
quotes extensively from experiments with coils in blower 
systems of heatingr and summarizes all in the formula, K = 

2-1-1.3 V^ where v = average velocity of air over the coils 
In feet per second. With the four velocities most appli- 
cable to this part of the work, i. e., 800, 1000, 1200 and 1600 
feet per minute, this becomes 

800 feet per minute IT = 6.9 
1000 feet per minute JT = 7.3 
1200 feet per minute IT = 7.8 
1500 feet per minute IT = 8.5 

In the table of probable efficiencies of indirect radiators in 
Art. 54 by the same author, the values are somewhat higher, 
being 

750 feet per minute K = 7.1 
1050 feet per minute K = 8.35 
1200 feet per minute K = 9. 
1500 feet per minute IT = 10. 

The values of K, as given here, are certainly very safe 
when compared to quotations from other experimenters, 
some of them exceeding these values by 50 per cent. It 
Is always well to remember that a coll that has been in 
service for some time is less efficient than a new coil, be- 
cause of the dirt and oil deposits upon the surface, hence 
It Is best in designing, not to take extreme values for ef- 
ficiency. Assuming K = 8.5 and 1000 feet per minute air 
velocity, which are probably the best values to use In the 
calculations, also t« = 227 (5 pounds gage pressure), t^ 
140 and to = 0, formula 42 becomes 

IT' JJ' E' 

R = = say (<3) 

/ 140 + 0\ 1335 1400 

8.5 f 227 ) 

Table XIV quoted by Mr. C. L. Hubbard in Power Heat- 
ing & Ventilation, Part III, page 557. gives the efflciencIcJ 
of forced-blast pipe heaters and the temperatures of *^' 
delivered. 
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TABLE XIV. 

Efflclencles of Forced-Blast Pipe Heaters, and Temperatures 

of Air Delivered. 
Velocity of air over colls at 800 feet per minute. 



Of pipe 
^eep 



Temp, to which the air Efficiency of the heatingr sur- 
will be raised from zero ' face in B.t.u. per SQ.ft.per hr. 



Steam pressuro In heater . Steam pressure In heater 





51b. 


20 1b. 1 

1 


60 lb. ! 

i 


5 lb. 
1600 


20 lb. 
1800 


60 lb. 


4 


80 


86 


45 ' 


2(K)0 


6 


60 


65 


65 


1600 


1S(X) 


2000 


8 


66 


70 


85 


IWM) 


1650 


' ISoO 


10 


80 


90 


105 


15(K) 


l(«iO 


i 1850 


12 


05 


105 


125 


1500 


itioo 


iseo 


14 


106 


120 


140 


11(X) 


15(M) 


1700 


16 


120 


180 


150 


1100 


15tK) 


17(H) 


18 


180 


140 


160 


i;«x) 


1400 


1 1600 


20 


140 


160 


170 


i;joo 


1400 


1 1600 

1 



For a velocity of 1000 feet per minute multiply the 
^^Uperatures given in the table by 0.9 and the efflciencies 
^V 1.1. 

Mr. F. R. Still of the American Blower Co., Detroit, 
^I'Ves the following formula for the total B. t. u. trans- 
^*^itted per square foot of surface per hour between the 
^^mperature of the steam and that of the entering air. 



Total B. t. u. transmitted = c Vt? (ta — U) 



(44) 



^^ which case v Is the velocity in feet per second and c is 
^ constant as follows: 
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TABLE XV. 
Values of c. 





Safe factor 


Max. factor 


1 section 4 rows 


of 


pipe 


8.45 


4.40 


2 sections 8 rows 


of 


pipe 


8.00 


3.40 


8 sections 12 rows 


of 


pipe 


263 


285 


4 sections 10 rows 


of 


pipe 


2.83 


2.45 


5 sections 23 rows 


of 


pipe 


2.12 


2 20 


6 sections 24 rows 


of 


pipe 


1.05 


2.05 


7 sections 28 rows 


of 


pipe 


1.80 


1.96 


8 sections 82 rows 


of 


pipe 


165 


186 


9 sections 86 rows 


of 


pipe 


1.52 


1.80 


10 sections 40 rows 


of 


pipe 


1.40 


1.76 



From the above values of c, Table XVI has been com- 
piled, assuming fg = 227, to = and c = a safe value. 



TABLE XVI. 



^1 
o *> 

>5 



800 
1000 
1200 
1500 



Total transmission in B. t. u. per sq. ft. per hour. 

t» = 227; to = 0. 



Rows of pipe deep. 



2840 
8200 
8500 
8050 



8 


12 


16 


20 


24 


28 


2470 


2164 


1020 


1750 


1606 


1450 


2700 


2440 


2170 


1000 


1810 


1670 


8040 


2670 


2860 


2150 


1060 


1826 


8400 


2081 


2645 


2400 


2220 


2080 



1078 
1«0 



Cast iron heaters are being used for indirect heating in 
many cases, replacing the old-fashioned pipe coil heaters. 
The efflciency of these heaters is, according to tests, about 
the same as that of the pipe coil heaters and hence formulae 
/^ and 43 will apply to both pipe and cast heaters. Table 
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XVII gives values of heat transmission for various sections* 
taken from tests upon Vento cast Iron heaters set up in 
banks, and is added as a means of comparison with the 
values quoted on the pipe coil heaters. 

TABLE XVIL 

Rate of Transmission of Heat, K, throuflrh Vento Colls. 
Steam 227*, Air Enterlngf at 0*. 



Velocities of air over col 1m. 



Sections 


800 


1 


7.6 


2 


7.1 


8 


68 


4 


6.1 


6 


5.6 





6.9 


7 


4.8 



1000 


laM) 


1600 


8 8 


10.0 


11. 8 


8.8 


0.2 


106 


7.7 


R 6 


07 


7.1 


7.9 


00 


6.6 


7.8 


88 


6.0 


6 7 


7.7 


6.6 


6.2 


71 



In applying: these values of K to formula 42 it should 

^e remembered that U would be used Instead of — T"-* — 

AppLiCATioK 1. Where Heating Only is Considered. — Referring 
to Table XXV let H for the entire building bo 1483251. 
Then from Art 112. Q = 1156935, by formula 39, W = 2966502 
*nd by formula 43, the coil surface Is 

2966502 

= 2222 square feet. 



B = 



/ 140 + 0\ 
8.5/227 j 



^ith three lineal feet of 1 Inch pipp per square foot of 
surface, we have 6666 lineal feet of colls in the heater. 

Appucation 2. Where Ventilation is Considered. — ^Assume 1100 
people in the building on a zero day and Q' = 2000000, then, 
H' = 1485251 + 1.27 X 2000000 = 4023251 and 

4023251 

-=3014 sq. feet = 9042 lineal feet 



fis 



8.5/^227 — 



140 + 



o 



) 
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This value is probably the grreatest amount that would 
be needed. In such a case, when the rooms are supplied 
with extra air, the register temperatures over the entire 
buildingr may be less than 140 degrees. Suppose in this 
case the temperature is, by formula 40, * = 70 + 55 X 1483251 
-r- 2000000 = 111% then 

4023251 
R = = 2760 sq. ft = 8280 lineal ft 

111 + 
8.5 



/ 111 + \ 
(227 —) 



In using this formula, the value * = 140 is to be recom- 
mended wherever part of the rooms are not provided with 
extra amounts of ventilating air. By so doing the ducts and 
registers may be held down to a more moderate size and at 
the same time give a safer figure for the heating surface. 

Suppose that in a certain building most of the rooms 
are to be ventilated and that these rooms will have large 
amounts of air delivered at low temperatures. In such a 
case it will be economy to heat the air for all rooms to this 
temperature and supply more air to the rooms that would 
otherwise be heated with air at 140 degrees, 'than to put 
in a heater large enough to heat all the air to 140 degrees 
and then dilute wdth large amounts of cold air to lower the 
temperature to what it should be. Again, suppose that a 
sohool building contains, in addition to the regular class 
rooms, laboratories, etc., an auditorium and gymnasium, the 
two together requiring an amount of air sufficient to justify 
a separate fan system (a condition which frequently exists), 
it would be economy to separate the heating system for 
these rooms from the rest of the building because of the 
comparatively short time the rooms are in use. When not 
in use the fan unit may be shut down without interfering 
with the rest of the system. On the other hand, if united 
with the rest of the building, the capacity of the unit would 
be reached only when these rooms were in use, while at 
gtiher times it would run at a very low efficiency. 

116. Approximate Rules for Plenum Heatiav Swfacctit 

^-The following approximate rules are sometimes used in 

checking up heating surface in the coils. These are not 

recommended and should be used with caution. 

Rule 1. — "Allow one lineal foot of 1 inch pipe for ecLCh 66 to 

125 cubic feet of room space" ; 65 for office buildinga, schools, etc., 

and 126 for shops and laboratories. Since this building has appros- 

imatelj/ 500000 cubic feet of room space, « gives 7700 linetU /««* 

0/ 1 inch pipe in the heater. 
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Rule 2. — "Allow 200 Uneal feci of 1 inch pipe for each looo 
cubic feet of air per minute at a velocity of 1500 feet per minute.'* 
Applying to the <ibove building when the air moves over the coila at 
1000 feet per minute, the heated surface is only about four-fifths as 
valuable and would require 260 lineal feet per each 1000 cubic feet 
of air per minute. This gives 8333 lineal feet of coils, 

117. Flaal Air Teaaperatareiii — Rlnce tho amount of 

heat transmitted Is directly propprtlonal to the difference 

of temperature between the two sides of the mt'tal, the first 

coils In the bank are the most efneient, and this efficiency 

drops ofT rapidly as the air becomes lieated In pasHlni? over 

the colls. Final temperatures for different numbers of coll 

sections in banks have been found by exp(>rlm«nt and may 

be taken from Table XVIII. See also Table XIV, page 175. 



TABLE XVIII. 

Temperatures of Air upon Leaving Colls, Steam 227 

Entering at C. 



Air 







Velocities of air throudrh coils in 


F. P. M. 


Sections 


No. of 
Hows 




Vim 




800 


1000 


1500 


1 


4 


43 


8:) 


28 


2a 


2 


8 


71 


62 


f,6 


52 


8 


18 


08 


87 


80 


75 


4 


16 


110 


106 


101 


08 


6 


£0 


196 


125 


116 


108 


6 


24 


168 


140 


V.M 


120 


7 


28 


160 


156 


148 


131 


8 


88 


183 


166 


154 


141 



These temperatures may be Increased about 10 per cent, 
for 20 pounds graffe pressure. 

Table XIX shows similar results quoted for the Vento 
cast iron heaters. 
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TABLE XIX. 

a at Air upon Leaving Vento Colts, Steam ilT. 
-Ting: at 0*. Regular and Narrow Sectloni 
B Inch Centers. 
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118. ArTDDiceiiiFBt ot Colls !■ Pipe Hcateriii — Coll sec- 
tlona arp arranged with 2, 3 and 1 rows of pipes per see- 
tion. Unless special reference la made to this point. th« 
latter value Is understood. Having found the total square 
feet of heating surface In the heater, obtain from the tem- 
perature tabloa the number of sections deep the heater wlH 
need to be to produce the desired temperature, and find tl 
number of square feet of heating surface per section SE 
per row of colls. Let this latter value be A. Also And tt 
net wind area across the colls, assuming, say 1000 feet per 
minute velocity. From the net wind area, and the grOM 
cross sectional area ot the heater by the value 

Groaa wind area = 2.5 times net wind area. 
Prom the grosa area the size of the heater may be selectei 
In selecting the heater, the following check should be ■!>- 
piled. Find the number of square feet of heating surface. 
B, In each row of Che colla as figured (rom the gross ani 
and compare with A. These must be made to aa^ee. 
Let the net area between t^e liAe*. ■», A., vte si 
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occupied by the tubes, T, A^, and the grross cross sectional 
Wind area througrh the tube, O. W. A., be respectively 

QorQ' QorQ* Q or Q' 

Hf, A,=: ; T. A.= ; and O, W, A, = (46) 

60 F 40 F 24 F 

Since the cross sectional space T, A. occupied by the tubos 
Is to the coil surface per row as 1 : 3.1416, the total coil 
surface in one row of tubes is 

3.1416 (Q or 0') (0 or Q') 

Ri = = .08 



40 F F 

Reduced to the basis of the net area, 3^. A., wc have 

i?i = 4.8 times N. A. (47) 

If B is grreater than A, then the total heating: surface 
aust be increased in that proportion, since the number of 
ections cannot be less or the final temperature will drop 
elow the required degree, and the net cross section cannot 
e less or the velocity of the air will be greater than that 
esired. On the other hand, suppose B should be less than 
. In that case the total heating surface will not change 
pom that calculated. Either B may remain the same as 
Eilculated and the number of sections increased (if de- 
Irable) until all the heating surface is accounted for, or A 
lay remain constant and B may be increased. The latter 
lethod is probably a better one since it gives larger wind 
reas and consequently "reduced velocities of the air, which 
1 many cases is desirable, and avoids placing heating .sur- 
ice at the rear of the bank where it is less efficient. 

Assembled sections of pipe coil heaters are supplied by 
lanufacturers from the smallest size of 3 feet x 3 feet, to 
le largest size of 10 feet x 10 feet; these dimensions being 
lose of the gross cross-sectional area, and not dimensions 
verall. Between the two limits, both height and breadth 
sually vary by 6 inch increments. For exact sizes, consult 
imension tables in manufacturers' catalogs. 

Application 1. — In Article 115, let R = 2222, = 1156935, 
' = 1000 and t = 140; then from Table XVIII the heater will 
equire 24 rows of coils in depth to give the required tem- 
►erature. Next find Ri = 93 square feet of heating surface 
?er row, also 

N, A, =1 19.7; T. A. = 29.6; and O. W, A. = 48.3. 

Checking N. A. with an air velocity of 1000 lee\, ^e^x tsyVc^- 
ute gives 1156935 -r- (60 X 1000) = 19.S sc^uaxfe lfefe\.» ^'cvV^i'a 
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shows that the above arrangement Is satisfactory. Now 
from the value G. W. A, = 48.3 select a heater, say 6 feet 
X 8 feet. 

Application 2.— In article 115, let R = 3014, Q' = 2000000, 
V = 1000 and t = 140; then as before, the heater will need 
24 rows of coils. Find in this case Bi = 126 and 

N, A. = 26.3: T, A. = 39.4; and G, W. A, := 65.7. 
Checking from the volume of air delivered, obtain 

N, A, = 33.3; T. A, = 50; and G, W, A, = 83.3. 
From N, A, = 33.3 find Ri = 160, which shows that it will 

160 

be necessary to increase the total heating surface to - — - 

126 

X 3014 = 3826 square feet If it were considered advisable 

to have 1200 feet air velocity the heating surface per row 

would be reduced to 135 and the temperature, *, would be 

reduced to 131. Both conditions are reasonable and in many 

cases would be considered satisfactory. 

Selecting the heater for the gross area of 83.3 square 

feet, from the catalog size, would probably give a single 

section 9 feet X 9 feet or a double section, each part 6 

feet X 7 feet. 

119. Arranarement of Sections and Stacks In Tento Cait 
Iron Heaters: — ^Applying only to Case 2, Art. 115, let B = 
3014, Q' = 2000000, V = 1000, N, A, (least value) = 33.3, and* 
= 140. 

From Table 48, Appendix, either of the following ar- 
rangements will give the necessary N, A, First — Six stacks 
deep, two sections high, 50 inches on top of 60 inches and 
twenty sections wide. This makes a total of 590 square 
feet to the stack or 3540 square feet total. The gross wind 
area looking in the direction of the wind Is 103 inches by 
110 inches. Second. — Six stacks deep, two sections high, 60 
inches on top of 60 inches and eighteen sections wide. This 
makes a total of 576 square feet to the stack or 3456 square 
feet total. The gross wind area looking in the direction 
of the wind is 93 inches by 120 inches. These arrangements 
will guarantee a temperature of 136 degrees upon leaving 
the coils. If this temperature is not sufficient then the 
coils must be made seven sections deep and the total heat- 
ing surface arbitrarily increased. Other arrangements 
could be worked out with 4% inch and 5% inch spacings. 
Also, narrow sections could be used in place of the regular. 
It will he found, however, t\\al tYie Vwo «\.'a.\.^<l ^x% \irobahl7 
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the best arransrements that could be made. (Sec Table XIX 
for temperatures.) 

120. Use of Hot 'Water la ladlrect CoUst — In most cases 
low pressure steam is used as a heating: medium in the in-, 
direct coils. It is possible* however, to use hot water in- 
stead, where a srood supply is to be had. In such an ar- 
rangement the coils will be flgrured from formula 42, usinf? 
all values the same as for steam excepting: U, which will 
be replaced by the averagre temperature of the water. The 
pipingr connections and the arrangement of the colls will 
follow the same general suggestions as already stated. 

121. Pomada of Steam Coadeaiied per Hquare Foot €»i 
HeatlniT Sarfaee per Hours — From Art. 115 the number of 
pounds of condensation per hour per square foot of surface 
in the coils is 

n' 

tn = — (48) 

R X Heat given off per pound of condensation. 

Application. — Let R = 3014 and //' = 4023251; also let 
one pound of dry steam at five pounds gage in condensing 
to water at 212 degrees give off 1155.6 — 180.9 = 974.7. (See 
Tables 4 and 8, Appendix), then 

4023251 

m = =1.37 pounds. 

3014 X 974.7 

This amount should, of course, be considered an average. 

The first and last section In any bank would vary above 
and belaw this amount by as much as 50 per cent, in the 
average plant. The first colls may condense as much as 2 
pounds of steam per squal*e foot of surface per hour. 

122. Ponnda of Dry Steam Needed la Bxcess of the 
Bxhaust Steam Grfvea off From the Rngine: — Let the heat- 
ing value of the exhaust steam from the engine be 85 
per cent, of that of good dry steam, also let the engine 
use 40 pounds of dry steam per horse power hour In driv- 
ing the fan. From Art. 132, the engine will use 40 X 13.6 
= 544 pounds df steam per hour and the heating value will 
be 974.7 X .85 = 828 B. t. u. per pound or 828 X 544 = 450432 B. 
t u. total per hour. Then 4023251 — 450432 = 3572819 B. 
t. u., and 3572819 -^ 974.7 = 3664 pounds of steam. The 
boiler will then supply to the engine and coils, 3664 -|- 544 
= 4208 pounds of steam total and will repT^ae-aX., ^^^xors^- 
iipately, 420S s- 30 = 140 boiler horse po-wex. 



CHAPTER XII. 



MECHANIGAIi WARM AIR HEATING AND 
VEJNTIIiATION. PAN COIIi SYSTEMS. 



PRINCIPLES OP THE DESIGN, CONTINUED. 
FANS AND FAN DRIVES. 

123. Theoretical Air Velocity: — ^The theoretical velocity 
of air V, flowing from any pressure, po, to any pressure, p»i 



is obtained from the general equation v = yJ2,gh, where » 
is given in feet per second, g = 32.16 and h = head in feet 
producing flow. This latter value may be easily changed 
from feet of head to pounds pressure and vice versa. 

When exhausting air from any enclosed space into 
another space containing air at a different density, the 
force which causes movement of the air is pa — p6 = p*. 
These recorded pressures may be taken by any standard 
type of pressure gage and »how pressures above the at- 
mosphere. When exhausting into the atmosphere, the value 
Pb is zero and pa = p*. The fact that a difference of pres- 
sure exists between two points indicates that there are 
either two actual columns (or equivalent as in Fig. 8) of 
air at different densities connected and producing motion, 
or that, by mechanical means, a pressure difference is crea- 
ted which may easily be reduced to an equivalent head *. 
in feet, by dividing the pressure head by the density of th© 
air, as 

pressure difference pa — pft 



h = 



density d 

Let Pa — pi, = px = ounces of pressure per square inch of 
area producing velocity of the air; also, let g = acceleration 
due to gravity = 32.16 and d = density, or weight, of one 
cubic foot of dry air at 60 degrees and at atmospheric pres- 
sure (Table 12, Appendix), then, substituting dn the general 
equation, we have 

64.32 X 144p« ^ 

- = 87 VpiT (49) 



H 



.0764 X 16 
Since the pressure producing flow is usually measured 
in inches of water, hw, the above can be changed to equiva- 
lent height of air column by 

weight of water, per cu. ft. at given temp. X hw 
4 = (60) 

weight ot air at given Ump^taiMTc^ x \^ 
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Applyingr this to dry air at 60 degrccB and water at the 
same temperature (Tables 12 and 8, Appendix, also Art. 15), 

62.37 hw 

h = = 68 hw 

12 X .0764 

then substituting in the greneral equation. And 

V = y/^€ii~X~S$liw = 66.2 Vhw ' (51) 

Formula 50 at the temperatures 50, 55, 60, 65 and 70 

degrees respectively, gfives results varying botwcen v= 65.5 

, __ • 

Va» for 50 degrees and v = 66.5 Vhw for 70 degrrca, which 

leads to the approximate general rule that the thcorvtiml 

velocity of air, ichen tneaaured by a water column gnye that mcas- 

u»e« in inches of tcater, equals sixty-tHw times the square root of the 

height of the column in inches. Stated as a formula 

v = 66 V^ (52) 

for calculations requiring accuracy, st'Vrral factors af- 
fect the final resuilt; atmospihc*rIc pr<'ssur<', Iminldlty, and 
the density and change of temporaturt- In tho air curn-nt. 
Let the atmospheric pressure and th»' liuinldlty ho 
constant, since these would afffct the result but little, and 
first take into account the density of the air. I^et the 
pressure of the atmosphere be 29.92 inches of mercury 
(14.7 pounds = 235 ounces per square Inch area) then, 
since the density is proportional to the absolute pressure, 
the temperature remaining constant, we have from form- 
iila 49 with air exhausting into the atmosphere. 

64.32 X 144 Pi 



V64.32 X 144 Pm / p, 
= 1336 J 
235 4- P* \ 235 + p* 



(53) 



.0764 X 16 X 



235 

■^Iso from the relation existing between formulas 49 and 
Si. formula 53 reduces to 



(54) 

407 + hie 
*'rom formulas 53 and 54 the second columns In Tables 

^ and XXI have been calculated. 

Application. — ^Air is exhausted from an orifice in an air 

•^uct into the atmosphere. The pressure of the air within 

the duct is one ounce by pressure gage or 1.74 inches by a 

^Itot tube. Assuming the air to be dry and the barometer 

standing at 29.92 inches when the water In the tube is 60 

degrees, what Is the velocity of the air? "By \.\ve> «j&^^Qn\- 

^ate formulas 49 and 52 
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17 = 87 Vr"=: 87 F, P. S, 



and 17 = 66 Vl'^4 = 87.2 F. P. S. 
By formulas 53 and 54 



17 = 1336 J = 86.3 F. P. B, 

y 235+1 

/ 1.74 

and 17 = 1336. A/ = 87.1 P. P. B, 

* ^ 407 + 1.74 

TABLE XX. 
Column 2 figured from formula 53. 



Pressure in ounces 
I>er sq. inch. 


Velocity of dry air at 60o es- 
capins: into the atmosphere 
throusfh any shaped orifice in 
any pipe or reservoir in which 
a sriven pressure is main- 
tained. 


Vol. of air in cu. 
ft. which may be 
discharsred in 1 
min. through an 
orifice havinir an 
effective area of 
discharsre of 1 
sq. inch. 

Ool. 8 -^ 144 


H. P. required t( 
move the ffivei 
vol. of air undei 
the sriven con 
ditions of dis 
charsre. 

(Col.3XCol.i: 


Ft. per sec. 


Ft. per min. 


16X33000 


Vb 


80.80 


1848.00 


12.83 


0.00044 


% 


43 66 


261360 


18.15 


00124 


H 


E8.27 


8196 20 


22.19 


0.00227 


H 


61. £6 


8693.60 


26. 65 


0.00349 


y% 


68.79 


4127.40 


28 66 


0.00489 


Ya 


7585 


41:21.00 


81.47 


0.00612 


n 


81. £7 


4882 20 


83.90 


0.008C9 


1 


86.97 


E218.20 


8624 


0.00988 


\% 


92.18 


5C30.80 


S8.41 


001178 


VA 


97 18 


1:830.83 


40.49 


O.O1880 


IH 


101.90 


0114.00 


42.46 


001598 


1J4 


106.40 


6G84.00 


44.83 


0.01814 


IH 


110.82 


0649.20 


46.11 


' 0.02046 


IK 


114.86 


6891.60 


47.86 


0.02884 


VA 


118.85 


7ia 00 


49.52 


0.02533 


' 1 


122 47 


7^18.20 


61.08 

\ 


0.02787 
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TABLE XXI. 

Column 2 flgrurcd from formula 54. 





Velocity of dry air at 60o etcaplmr into the atmosphere 


Pressure 


thronsh 


any shaped orifice in any pipe or reservoir in 


head in 


which a 


ffiven pressure is maintained. 


inches of 






water 




, 




Feet per second 


Peet per minute 


1 




29 at 


1260.40 


2 




29.«7 


17H«» 20 


.3 




M.26 


217.5. 00 


.4 




41.80 


2511 00 


.6 




40.80 


2708. 00 


.8 




61.80 


8(»76.00 


.7 




66 80 


8321.00 


.8 




60. 10 


8540. (H) 


.9 




02.00 


8760.00 


1. 




00.14 


8 WW. 40 


1 1 




09.80 


4101. 00 


1 2 




72. 44 


4340.10 


1 8 




76 89 


4.'^ 2*3 40 


1-4 




78.21 


40U2.00 


16 




80.90 


4857.00 


1 6 




88 f 9 


5015.40 


1.7 




80. 10 


510W.00 


18 




88.06 


53 1» (M) 


19 




91.27 


5170.20 


2. 




96.42 


5005.20 


2.1 




9672 


5713.20 


2 2 




97 96 


5H77.0() 


2 8 




100 16 


OOOO.(M) 


2.4 




102.29 


0187.40 


25 




104.89 


0203.40 


2 6 




100.48 


0:J85.80 


2 7 




106.40 


0507 00 


2.8 




110.43 


0025.80 


29 




112.87 


0712.20 


3. 




114.28 


0«:0.80 


8 1 




110.15 


OWJ9.00 


8 2 




118 00 


7080.00 


8 3 




119.81 


7188.00 


8 4 




121.00 


7290.00 


8.6 




12880 


7401.00 



Finally, after considering: the changre of velocity that 
Akes place when the density changres with a constant tem- 
perature, let the temperature changre. With a constant 
Pressure, the volume changres with the absolute \.eTcv^eT«.\.AXT^ 
;460 -)- t). From this basis the values giveiv \xv Vcve ^^^qxv.^ 
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columns of Tables XX and XXI. which were fisured for » 
degrees, would be multiplied by the relative factors lor 
the given temperature as expressed in columa two, Tsblt 
XXII. to obtain the velocity of the eihaustlne air at inj 
pressure and any temperature. Havlog found the data 
from Column 2, find other points of Information concernlns 
velocities, pressures, weights and horse powers In moTlnf 
air by tnultlplylns by the (actors ss given in the respective 



TABLE XXII. 



i 


Factor lor rel- 
aL?o reiad" 


Factor lor 
lElaliveDres- 


Factor for rel- 


atjve power to 


f 




ll " ame'"v^ 


"(!'?{ a?A"S 


S'ciiS 








dD«tbev(^.?o 


fn'cDlSSSVS 


1 




4ff» + eno 

r 


ol atr = 


factor Id coi- 
nmn 4 xqiuaei 


/ 1L.I.M 


H 


\>Hl«o + MO 




>*c.,.,. 




^ 


'S 


l!04 


;S 


'.<a 


6n 




l.OS 


'.SH 




00 






i.ou 






1.01 


■m 


i.ce 


l.M 




.0* 


.«* 




].fl8 


m 


.08 




on 










.o» 


I'lR 








.13 


1» 


ItiO 


.08 


'.ao 


.18 


l.SS 


ITS 


.10 


.ss 


.23 


1.4B 


xn 


IS 






l.Sl 




.17 


'.73 


'■m 


1.B8 


800 


n 


.M 


.« 


g.l« 


SGO 


■ SG 


.04 




S.4S 


«x> 


.9 


m 


1.07 


S-7V 


KO 


.88 


:m 


l.Bfi 


ta 


on 


■*i 






4 It 


Tno 


■it 




l!» 


( ss 


800 


.66 


.41 




G.» 



124. Actual Amoant at Air Ezhawttedi — When sir of UT ' 
pressure Is exhausted from one receptacle to another tbrowk 
kD orlOce, the actual velocity remains about the bmiu ** 
tie theoretical velocity, t>elns slightly reduced by frletlM I 
Mat (Ae roliune of air dlacharged \h s'e».\.V3 T«ia,'<u:«&. tiMiWi : 
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i/ea the orl- 
! th« Jet IB 
ne-hair bhe 



Of the contraction of the streai 
9ce. The sreatest contraction 
located from the orifice a dlstani 
dbmeUr of the openlnfT- A round oqienlng Is the most effl- 
cient Since the velocity Is slightly reijucpd and the effec- 
tive area of the opening: reduced a atlll greater amount, the 
^t^lUal amount of air exhauat(?d In any given time will be 
found by multiplying the theoretical amount by a constant 
"lilch Is the product ot the coefflclent of reduced velocity 
"Id ihe coefflclent of reduced area. From teats by Wclsbach 
"i^ following approximate values are quoted by the Sturte- 
'ant Company in Mechanical Dra.ft. page 152. 

Orifice In a thin plate. .56 

Short cylindrical pipe, .75 

Hounded off conical mouth piece. .98 

Conical pipe, angle of convergence 



.02 



RnallB 



the IlelBIloB hr- 

lape ot the blades, 
gs, the shape and 



t Tealu to Dvti 
'^*«B Preanire nnd Veloolty in Al 

""'latruetlOD the number of blades, 
">e sizes of the Inlet and outlet i 
"'!e of the casement around the b 

*Ve an effect upon the relation between the pressure a 
*l>e velocity of the air discharge. From recent tests ct 
^Ucted In the Mechanical Engineering Department, Univi 
"hy ot Nebraska, the curves shown In Fig. 101, a, were t 




1 fc "i «! 
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OftTO or OPENNG 
FiR. lOib. 

talned. A Number 2 Sirocco 
trie motor and delivered air 
whose length was nine times 
provided with .reducing nozi 
discharge by 'tenths from ful 
air tube was provided also nl 
dynamic and velocity pressure 
scale to read to either .01 or . 
power was taken by wattmi 



wer was belted to an 
a horizontal, circular 
B diameter. This plpa «U 
whicb varied the area «1 
jenlnK to lull cIOBed. TtH 
nanometer tubes for at»tW 
rranged with an adJuatabK 
Inch of water. The groM 
and the delivered power 



laklng r 



jn by dynamometer. In addlUOB 
le-power of the fan and motor 
Ijy removing the (an wheel from thi 
dings with all other conditions remain- 
ing as nearly constant as possible. Tlie friction power, 
when deducted from the gross power recorded by the watt- 
meter, gave the readings for the net horse-power curv«. 
A galvanized Iron Intake, enlarged from the size of tl» 
fan Intake to a rectangle four square feet In area and 
divided up by fine wires Into rectangles the size of till 
standard anemometer, was used to find the volume of alf 
moved per minute. This volume is shown in the curt* 
C F. M. To checit the curve, the volume was calculated for J 
each opening by the PItot tubes on the side or tbe expsll- I 
mental pipe, I 
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To fully understand thia article, refer to Art. 15 and note 
that A, Figr. 10, registers Btatio pressure plus velocity prennure. This 
sum may be called the djfnamio prensure. Also, note tliat U v^^k- 
isters only static pressure, i. e., that pressure which aetH equally 
in all directions and serves no usefulnoss in nioviiif^ tin* air. 
Also, note that A — B ^ C, I. e., dynamic i)roHsur<» minus 
static pressure equals velocity prossurc. Whi*n applli-d in 
the form shown by O, the pressure r»'Cordo(l is that du«' to 
the velocity only. This is the form commonly usrd. Now 
referringr again to Figr, 101, A. V. P. Is that prrBsuro re- 
corded by C w.hen applied .to the air current at tin* fan out- 
let, = air velocity pressure. P. V. P. is that pressure (ob- 
tained by formulas 49 to 54) that would be shown on f if 
the air were movingr as fast as the tip of the bla(l»'S on the 
fan wheel, = peripheral velocity pressure. /'. V. P. ~ 1 In 
Fig". 101, 6. D. P. is the dynamic pressure and would be 
found by applying: A only. 8, P, is the static pressure as 
stated above. 

In the tests, the fan was run at constant speed and the 
dynamic, static and velocity pressures were nnasurrd about 
midway of the pipe at full opening. Then the op<'nInKs w«re 
changed by ten per cent, reductions until the p-ipe was fully 
closed and similar readings taken for each reduction. These 
readings were plotted in the upper set of curves. Because 
of the fact that the manometer tubes were located some 
distance from the end of the experimental pipe, th»'re was a 
static pressure, ah, recorded at full opening. This caused 
the dynamic pressure to be raised a corresi)ondIiig amount, 
0' 6'. If the tubes had been locuited at th(» d«*llv('ry end of 
the pipe the static and dynamic pressures would have fallen 
from h and V to a and a'. The peripheral velocity of the 
wheel was 2828 feet per minute and the corresponding pres- 
sure, with corrections for temperature, was found ])y formula 
52 to be .5 in. of water. The relation between this pe<rlpheral 
Velocity pressure and the air velocity pressure is shown in 
the lower set of curves. In applying the lower curves to 
fan practice they are very valuable in showing the relation 
between the velocity of the wheel circumference and tha^t of 
the air leaving the wheel. Notice that the relation between 
the observed air velocity pressure and the calculated periph- 
eral velocity pressure at full opening and discharging Into 
free air, is 1.20 : 1. Since the velocities vary as \.\vft ^«\m^^^ 
roots of the pressures (v = Vl^yTi), we find tVve 've\oe\W^^ ^^^ 
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be VITM" : vr= 1.1 : 1. That Is to say, for this fan the air 
velocity at the free opening of the fan is 1.1 times the per- 
ipheral velocity of the wheel. The corresponding velocity 
of the air from the average steel plate fan as reported by 
the American Blorwer Company and as shown on the lower 
chart, is V^5~ : Vf~= .67 : 1, or .61 of the speed of the 
Sirocco fan for the same wheel speed. The resistance offered 
by the ducts in the average plenum heating system is 
equivalent, we will say, to that offered by a 75 per cent 
gate opening in the experimental pipe. According to the 
diagrojms for this opening, tJhe ratio A. V. P. ito P. T. P '^ 
1.04 for the Sirocco fan and .25 for the steel plate fan. The 
ratio of the air velocities to the peripheral velocities then 
are, respectively, VTr04 : VF^ 1.02 : 1 and V.25 : Vl"= .5 : 1- 
These show that with a 75 per cent, opening and with the 
fan wheels running with a peripheral velocity of 3000 feet 
per minute, the air would be entering the duets at 
1.02 X 3000 = 3060, and .5 X 3000 = 1500 feet per minute 
respectively for the two types. Conversely, if it were de- 
sired to ihave the air enter the ducts at 1500 feet per minute, 
with a ros-istan-ce equivalent to a 75 per cent, opening, the 
fan wheels would have peripheral speeds of 1500 -i- 1.02 = 
1470, and 1500 -7- .5 = 3000 feet per niinute respectively. 
From tliese we obtain the wheel diameter for any given 
K. P. M. Othor models of the Sirocco and multiple blade 
type of fan.s show less variation from the steel plate fan 
than the one under •consideration. It will be seen from the 
above that the late change in construction from the steel 
plate type to the multiple blade type permits a smaller 
wheel and fan to be installed for any given work. This can 
be shown to be a desirable change. From formula 61, it ^ 
seen that the power required to drive a fan varies as the 
fifth power of the diameter and as the cube of the speed. 
With any given amount of air, Q, required per minute, th« 
power will be reduced very greatly by reducing the dlaiB' 
eter or by reducing the speed of the fan. Manufacture" | 
catalogs should be consulted for capacities, sizes, etc. Suck; 
tables are supplied by the trade in form for easy referencti 
and use. 

126. Work Performed and Horse-Po'vrer Coiisim*' ^ 

MovliiK Alri— The foot pounds of work performed in moving 
aJr equals the product of the iic\o\\i\g force into the distant 
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tbrougrh In any given time. Let p« — p» = p» = 
force of the air In ounces per square Inch and A = 
3Ctk)nal area of current In square inches. Then the 
per square inch will be p» -£- 16, and the foot pounds 
k, W, and the horse-power, //. P., absorbed per min- 
the current of air In belngr moved, will be 

60 p« X o 

W = = 3.75 J)* A V (55) 

16 

3.75 p« Av 

H. P. = = .000114 pm Av (56) 

33000 

^rmul-a may be stated in terms of tlie cubic foftt of 
oharg^ed per nvinute. Take the relation between p# 
at 60 degrees as 12 p* = 16 X .433 ^ir; also, A X v = 
when 0' = cubic feet of air discharged ixnf second 
om formula 54, hw = r* -r- 4356. Then by substituting 
lula 56 

3.75 X .577 X »* X 144 0' 

E, P, = = .0000022 v' Q' (57) 

4356 X 33000 

•ucATioN 1. — ^Let the effective area of a stream of dry 
50 degrees, exhausting between the pressures of pn = 
ices and p = % ounce, be 400 square Inches. What is 
rk performed per minute and the horse-power con- 
' (For velocity see second column Table XX). 

= 3.75 X (1% — %) X 400 X 87 = 130500 foot pounds, 
P. = .000114 X (1% — %) X 400 X 87 = 3.96. 

•LIGATION 2. — A fan is delivering 1000000 cubic feet of 
• hour to a heating system with a pressure of % 

What Is the theoretical horse-power of the fan? 
H. P. = .0000022 X (74.5)2 x 277 = 3.38 
'• Actual Home-Power Consumed in Moving Air by 

Fans: — The theoretical horse-power of a fan is that 

>ower necessary to move the air. This amount is al- 

xceeded, however, because of the inefficiency of the 

Let E = efficiency of the blower, then formulas 60 

become 

.000114 px A V 

H. P. = (58) 

E 

.0000022 t?2 0' 

J7. P. = V.^^^ 

E 
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The value of E varies with the peripheral velocity and 
the percentage of free outlet. When subjected to ordinary 
service, the efficiency of the fan or blower may vary any- 
where from 10 to 40 per cent. Probably a safe figure, for 
an efficiency not definitely known, is 30 per cent, for cen- 
trifugal fans in heating systems. Later improved types, 
such as the Sirocco and Multivane fans, will be found from 
40 per cent, to 60 per cent, efficient. See also Art. 131. 

128. Carpenter's Practical Rules t — ^Many experiments 
have been run upon blower fans to determine their capacity 
in cubic feet of adr delivered per minute and to determine 
the horse-pcwer necessary to move this air. Probably aa 
satisfactory as any are the rules quoted by Prof. Carpenter 
in H. & V. B., Art. 162, as follows: 

Rule. — "The capacity of fans, expressed in cubic feet of air ifi' 
livered per minute, is equal to the cube of the diameter of the fo* 
wheel in feet multiplied by the number of revolutions, multiplied &Jf 
o coefficient having the following approximate value : for fan ^Bi^ 
single inlet delivering air without pressure, 0.6; delivering air w^ 
pressure of one inch, 0.5; delivering air with pressure of one ounctt 
0.4; for fans vnth double inlets, the coefficient should be increased 
about 50 per cent. For practical purposes of ventilation, the ca- 
pacity of a fan in cubic feet per revolution toill equal A the c»^ 
of the diameter in feet/' 

Rule. — "The delivered horse-power required for a given fan cf 
blower is equal to the Zth power of the diameter in feet, muWfpIi^ 
by the cube of the number of revolutions per second, divided ly o*^ 
million and multiplied by one of the following coefficients : for ff^ 
delivery, 30; for delivery against one ounce pressure, 20; for i^ 
livery against two ounces of pressure, 10." 

The two above rules stated as formulas are as follows.' 



»=v 



8 / Cu. ft. of air per min. .. 

' (60) 



C X R. P. M. 

where D = the diameter in feet and O = the coefficient, .* 
for pressure of one ounce, .5 for pressure of one inch, 
.6 for no pressure. 

D^ (R. P. 8.)* X O. ^,,, 

H. P. = (61) 

1000000 

where C = 30 for open flow, 20 for one ounce and 10 for t** 
ounces pressure respectively. These two rules may *• 
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ihecked up by sizes obtained from catalogs. They give, 
lowever. In ordinary calculations, very close approxlma- 

ions. 

Note. — ^In using formula 60 for Slrocoo or Multlvane 
ans, the coefficient, C, becomes 1.1, 1-2 and 1.3 respectively, 
ilkewise, for formula 61 It becomes 100, 95 and 90 respec- 
Ively. 

129. If It to Desired to Obtain tbe Approximate fllmen of 

he Dlffereat Parts of the Fan Wheel and Opening, th(> same 

an be found by the following table which gives good avor- 

ge values for srteel plate fians. For more complete data 

ee tables in catalogs. 

TABLE XXIII.* 



Mameter wheel 

)iameter inlet, single 

Mameter inlet, double 

Hmensions of exhaust 

Vldth of wheel at outer circumference 

^ast radial distance from wheel to casing .08 D 

feximum radial distance from wheel to 

casing 
^ast side distance from wheel to casing 



D 






.66 I) 






.50 D 






.60 I) 


X 


.50 D 


.50 I) 


to 


.60 /> 


.08 D 


to 


.16 7) 


.50 D 


•to 


1.00 I) 


.05 /) 


to 


.08 n 



Occupied space 

of 
full-housed fan 



Length 

Width 

Height 



DiRcharge vert. 



1.7 n 

.7 7) 

1.5 n 



Discharge horiz. 



1.5 D 

.7 D 

1.7 D 



*This table does not apply to Sirocco or Multivane fans. 

130. Pan DrtTesi — Fans for heating and ventilating 
urposes, may be driven -by simple horizontal or vertical, 
irottllng or automatic steam engines, or by electric mo- 
>rs; the principal advantage of the latter being the clean- 
ness. In either case the power may be direct-connected 
" belt-connected to the fan. Direct-connected fans make 
very neat arrangement, but they require slow speed 
igines or motors, occasionally making them so large as to 
i prohibitive. Where engines are used, any unusual noise 
' pounding in the parts is frequently carried through the 
n to the air current and up to the rooms. Belted drVv^^ 
ay run at higher speeds but they must ot Tiecea^V\,>j "^^ ^^"v- 
t from the tan ten feet or more to get goo^ \ife\\, o.QTxVa.^'^* 



I 
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Chain drives that are fairly quiet in operation will permit 
the same reductions of speed and will allow the engine to 
be set very close to the fan. Where a reduction is made in 
the space between the engine and the fan, it had best be 
made in the last named way. 

In deciding between an engine drive and a motor drive 
for use with steam coils, the amount of steam used in the 
engine should not be considered a loss, since this is all 
exhausted into the heater coils and is used instead of live 
steam from the boilers. An engine of high efficiency is not 
so essential either, unless the exhaust steam cannot be 
used. Enclosed engines running in oil are preferred when 
used on high speeds. The belt wl\en used should, if pos- 
sible, have the tight side below to increase the arc of 
contact. 

Electric motors have more quiet action and in special 
cases should be specified. They would generally be speci- 
fied for installations where the exhaust steam could not 
be used, as in systems for ventilating only. This method of 
driving the fan is more satisfactory in many ways but its 
operation is usually more expensive. Direct current motors 
are desirable, whenever they can be applied, because of the 
convenience in obtaining changes of speed and because the 
motors may easily be direct-connected to the fan. Alter- 
nating current motors are used but they usually run at 
higher speeds, requiring reduction drives and are not so 
satisfactory in regulation. Speed reductions of 40 per cent 
may be had with alternating current machines where re- 
quired. 

131, Speed of the Pan: — A blower fan, exhausting into 
the open air, will deliver air with a linear velocity slightly 
below the peripheral velocity of the fan blades, but if this 
same fan be connected to a system of ducts and heater 
coils, the linear velocity of the air becomes much less be- 
cause of the increased resistance and the lag or slip, that 
takes place between the fan blades and the moving air. In 
the average heating system this slip may be as great as 
40 to 50 per cent. See Art. 127. It is customary, therefore, 
in applying blowers to heating systems, to consider the 
linear velocity of the air as it leaves the fan to be one- 
half that of the periphery of the fan blades. Since the 
velocity of the air upon delivery Itotcv Uv^ tan should not 
exceed 1800 to 2500 feet per minute, Uve ouX^x ^^VaX. qti >^^ 
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I blades should not be expected to move faster than 3600 
5000 feet per minute. Knowing: this peripheral velocity. 

revolutions per minute may be selected and the diameter 
alned. 

In all direct-connected fans the revolutions per minute 
st agree with that of the engrlne or motor. In belted fans, 
vever, this restriction need not apply. It is found that 
Inary blower fans running: at high speeds are very noisy 
I so practice has determined largely the number of revo- 
lons to use. Speeds used by the American Blower Com- 
ly in the latest type of Sirocco fan are given In the fol- 
ring table. 

TABLE XXIV. 

Speeds of Blower Fans In R. P. M. 



.meter of 




Differential pressures. 




heel in 








aches. 


1-2 oz.' 


8-4 oz. 


1 oz. 


1 1-2 oz. 


2oz. 


18 


688 


oeo 


762 


933 


1076 


21 


404 


406 


572 


700 


807 


89 


200 


880 


£81 


466 


688 


48 


208 


948 


286 


860 


408. 


(SO 


161 


196 


228 


280 


822 


72 


181 


166 


190 


283 


260 


81 


116 


143 


163 


200 


281 


90 


107 


182 


152 


186 


214 



In the recent developments for blower fans the num- 
• of blades is increased and the depth of the blades is 
Qlnished, making the operation of the fan somewhat sim- 
r to that of the steam turbine. These fans seem to de- 
op a much higher efficiency under tests than the ordl- 
ry paddle wheel fan. As a result, the diameter of the 
leel may be smaller with the same revolutions for a given 
rk or the wheel may have the same diameter with a re- 
ced speed for a given work. Tables 50, 51 «uw^ ^^, 
pendix, give a sununary of the latest catalog ^LaXa.. 

lag, 8Mme ot the Engine t — In obtaining tYie aVx^ ol XX:^^ 
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engrine, It will be necessary first to assume the horse-power. 
This had better be taken as a certain ratio to that of the 
fan. Probably a safe value would be 

H, P, of the engine = f H. P. of the Ian (62) 

Havingr obtained the horse-power of the engine, it will 
next be necessary to find the size of the cylinder. Let p» = 
the absolute initial pressure of the steam in the cylinder, 
i. e., atmospheric pressure + gage pressure, and r = number 
of the steam expansions in the cylinder, i. e., reciprocal of 
the per cent of cut-oft. The cut-off allowed for high speed 
engines in economical power service, approximates 25 per 
cent, of the stroke, but in engines for blower work this 
may be taken at 50 per cent, or half stroke. Find the 
mean effective pressure, pi, by the formula 

1 -f- hyperbolic logarithm of r 

Pi = Pa ■ back pressure (63) 

r 

Next, let I = length of the stroke in inches and N = number 
of revolutions per minute and apply the formula 

2 pi I A N 

H. P. = (64) 

12 X 33000 

and find A, the area of the cylinder, from which obtain rf. 
the diameter of the cylinder. In applying fiormula 64 U 
will be necessary to assume I. This, for engines operating 
blowers, may be taken 

2 I 2yr = 200 to 400 



Formula 63 assumes that the steam in the cylinder exi 
according to the hyperbolic curve, pv = p'r'. For values 
of hyperbolic or Naperian logarithms see Table 5, Appendix- 
It also assumes no loss in the recompression of 
the steam in the cylinder. Both assumptions are only 
approximately correct, but the errors are slight and to a 
certain degree, tend to neutralize each other, hence tW 
final results from this formula are near enough to be used 
for approximate calculations. For such work as this, ' 
may be taken from 2 to 3, the former being probably pr^ 
ferred. The back pressure should not be taken higher than 
5 pounds gage (19.7 pounds absolute), since this is deter- 
mined by the pressure in the coils carrying exhaust steam. 
This pressure, in o-rdinary service, drops nearly to atmW 
pherlo pressure. 
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Un flndiner the diameter and lengrth of the stroke of the 
cylinder, it may 'be necessary to make two or more trial 
applications before a grood size can be obtained. Owingr 
to the fact that the initial flteam pressure is frequently 
low, say not to exceed 40 or 50 pounds, the mean effective 
pressure is small, thus callingr for a cylinder of largre 
diameter. In such cases, the diameter of the cylinder may 
be greater than the lengrth of the stroke. In cases where 
high pressure steam is used, say 100 pounds g&ge, the 
diameter of the cylinder would be less than the lengrth of 
the stroke. 

Application 1. — ^Assume the following to fit the design 
shown in Figs. 104, 105 and 106: good dry S'team from the 
boiler to the engine at 100 pounds gage pressure; direct- 
connected engine to fan, running at 180 revolutions per 
minute and delivering 2000000 cubic feet of air per hour 
to the building; steam cut-off in the cylinder at one-third 
stroke and used in the coils at 5 pounds gage pressure; 
find the sizes and horse-powers of the fan and engine unit. 
•Applying formulas 60, 61, 62. 63 and 64 

8/ 2000000 

D. of fan = ^/ = 5.5 feet 

\ 60 X 1.1 X 180 

(5.5)»X (3)»X87 

H. P. of fan = = 11.8 

1000000 

Check the fan size and horse-power by Table 52, Appendix. 
H, P, of Engine = J X 11.8 = 15.7 

/ 1 4- 1.0986 \ 
Pi = 115 I— j — 19.9 = 60.5 pounds per 

250 

square inch. Now it 2 I N = 250, then I = = .69 feet = 

360 

15.7X12X33000 

'•25 Inches and A = — — — = 34.5 square 

2 X 60.5 X 8.25 X 180 

Inches = 6.625 inches diameter. . The engine would be 6.625 
inches X 8.25 inches, at 180 R. P. if. 

Application 2. — ^Assuming the values as In application 1, 
excepting that the steam is taken from a conduit main 
under a pressure of, say 30 pounds per square inch gag^, 
that 2 I N := 800, and that the steam cut-ott \tv Wve e>j\\xv^^^ 
Is at one-baJf stroke. Then, as before, D ot Ian =^ ^ .^ tfeeX\ 
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H, P. of fan = 11.7; and B. P. of engine = 15.7; the mean 
effective pressure is, however, 

, 1 + .6931 X 
Pi = 45 I I — 19.9 = 18.2 pounds per sq. in. 

15.7 X 12 X 33000 

and A = = 95 square inches. 

2 X 18.2 X 10 X 180 

Size of engrine would be 11 inches X 10 inches, at 180 
Jc* P» M, 



133. Plplngr CoBBeetlons around Heater and ESbkIbc*" 

Where the fans are run by steam power it is considered 
best to reduce the pressure of the steam by a pressure re- 
ducing: valve before allowing: the live steam to enter the 
coils. Where this reduction is made to 5 pounds or below, 
it may be entered into the same main with the exhaust 
steam from the engine, if desired; the back pressure valve 
on the exhaust steam line providing: an outlet to the at- 
mosphere in case the pressure should run above the 5 
pounds allowable back pressure. If the value of the back 
pressure is increased much above 5 pounds, the efficiency 
of the engrine is seriously afCected. In many installations 
where the condensation from the live steam is desired free 
from oil, a certain number of coils are tapped for exhaust 
steam and this condensation trapped to a waste or sewer, 
the other coils delivering to a receiver of some sort for 
boiler feed or other purposes as may be required. 

Every system should be fully equipped with pressure 
reducing valves, back pressure valve.s, traps and a sufBcIent 
numlber of globe or gate valves on the steam supply, and of 
gate valves on the returns to make the system flexible and 
responsive to varying demands. Figs. 102 and 103 show » 
typical plan and elevation for such connections. Some en* 
gineers advocate lifting the returns about 20 or 30 inches 
as shown at A and B to form a water seal for each sec- 
tion, thus making them independent in their action. Thil» 
In some cases where the coils are very deep, would bo • 
benefit. 

184. Application to School Bnlldlns< — ^The three follow- 
ing figures and summary show the results of an applied' 
tlon of the above to a schood building. The summaryi 
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Tille XXV, gives In ooinpB.ct form auch calculated reaulla 
M admEt of la.bulation. Most of the apiillcatlons Ihroush- 
oat Chaptera X. XI and XII, also refer to tills name bulldlnK. 
The plans show the double-duct system, witli plenum 
chamber and ducts laid Juat below the basement door. Ths 
"mall arrows show the heat reglBtiTs and vent registers for 
eicli loora. Tha same ataclc which served as a heat car- 
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Her to the room on ooe floor serves aa the vent 
'or (he correapondlnff room on the floor above, there 
> hortiontal out-oS between them. The cut-olt at tli 
■filter should be so curved as to throw the curr. 
'■Mted air Into the room with the least possible Irlct 
*^ ourrentc u ehown In Fly. 22. 



UEATtNa AND VBNTII.ATION 







Sl| 


i 




11 


2 


II 


2 
2 


1 






»§s 






flS 




1='^ 








n 


apS 


s 


'S 




;S 


* 




S 






III 


II 

ta 






1 


^E 


=1 

1^ 


i 


1 


J 










J 


B»S 


isisn 


laii! 












































86, »W 

ftS 








} 


£68 


im 

































i- 






inii 












ih 


4a,»io 








i 


m 














Total. 




BM.190 






a».*80 






1 


1 


lis 






<B.3gl 


3 




Hrftl 17x11 



































































































































IS 












s% 


lB±t 












Itolala 




64O.10Q 






JflT.lSB 


























]7:t24 












la 


















mi 


















tJ^"* 










mi 
























































^'^ 
























iS,2m 










Totals 




Efls,mii 






42,,2Ta 








, 



-PIXSVU WARH AtR HGATING lOS 



-Si! 


" 




— 


i 


i 




204 



HEATING AND VENTILATION 




F\S. \Q^. 



PLBNUH WARM AIR HBATINQ 205 



« 




r" '■•^ " 


-^ 


H=*h 


P1 r^ — M ^ 


la 




• 




' D 












a a 


I 




\ / 





























^"" 




; 






i|!S 






: 




g 


9g 






^ 














si 










f 


r^ 




s 


-H 










"^ ^ 


' 


' 


1 


1 










i 


a 






^^ — i 


t^t^ftjuu 








I 






















= 












































- 




- 










I 



20e HEATING AND VENf ILAMOK 



RBFBRBNCBS. 
References on Mechanical Warm Air Heatlnv* 

Technical Books. 
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Hubbard, Power, Heating and Ventilation, pagres 525 and 551. 
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1908, p. 10. A Rational Formula Covering the Performance 
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Charts Showing the Performance of Hot Blast Coils, B. S. 
Harrison, Oct. 1907, p. 23. Loss of Pressure In Blowing Air 
through Heater Coils, with New Formula, E. M. Shealy, 
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the Ventilation and Tempering of Buildings, Percival R, 
Moses, Feb. 1908. Domestic Engineering. Practical Sugges- 
tIoj2s about Blower Systems lor S\\oi& Heating, F. R 
StlJl Vol. 46. No. 4, Jan. 2S, l^Q^, p. \^^\ NcA. \^, -^^^ 
S, Jan. 30, 1909, p. 125. Trans. A. S. H. A y. ^- ,^^^\^^^^^^^"^ 
I>Irect Badiation by Fans, Vol. X, p. ^%^. l^^X-^v^^^ q\ '^^^V 
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Exchange, Aug. 5, 1905. p. 55. Fans, serial article beginning 
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CHAPTER Xm. 



DISTRICT^ HBATING OR CBNTRALIZBD HOT 1¥A 

AND STBAM HBATING. 



GENERAL. 



135. Heatlne Residences and Bii«tiieMi Bl(»eka from S 
central station is a method that is being employed in manjT 
cities and towns throughout the country. The centralization 
of the heat supply for any district in one large unit has an 
advantage over a number of smaller units In being able to 
burn the fuel more economically, and In being able to re- 
duce labor costs. It has also the advantage, when In con- 
nection with any power plant, of saving the heat which 
would otherwise go to waste in the exhaust steam and stack 
gases, by turning it into the heating system. The many 
electric lighting and pumping stations around the country 
give large opportunity in this regard. Since the average 
steam power plant is very wasteful In these two particulars, 
any saving that might be brought about should certainly be 
sought for. On the other hand, however, a plant of this 
kind has the disadvantage in that it necessitates transmit- 
ting the heating medium through a system of conduits, which 
generally is a wasteful process. The failure of many of the 
pioneer plants has cast suspicion upon all such enterprises 
as paying investments, but the successful operation of many 
others shows the possibilities, where care is exercised in 
their design and operation. 

136. Important Considerations In Central Station Heat- 
ing: — In any central heating system, the following consider- 
ations will go far towards the success or the failure of the 
enterprise: 

First. — There should be a demand for the heat. 

Second. — The plant should be near to the territory heated. 

Third. — There should be good coal and water facilities at 
the plant. 

Fourth, — The quality of all tlie rcvat^xlaAa aw^ \.\^^ Vaatal- 
latlon of the same, especially in Uve cotv^mW. ^Qxvt^txvVa.^ \^- 
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^'^lation, expansion and contraction, and durability, aro 
Joints of unusual importance. 

Fifth. — ^The plant must be operatc-d upon an economical 
^asis, the same as is true of other plants. 

Siwth. — The load-factor of the plant should be high. This 
^s one of the most important points to be considered In com- 
\)ined heating and power woYk. The greater the proportion 
«f hours each piece of apparatus is in operation, to the total 
number of hours that the plant Is run, the greater the plant 
efficiency. The ideal load-factor requires that all of the ap- 
parattus be run at full load all the time. 

The average conduit radiates a great deal of heat, hence, 
the nearer the plant to the heated district the greater the 
economy of the system. Likewise a location near a railroad 
minimizes fuel costs, and good water, with the possibility 
of saving the water of condensation from the steam, assists 
in increasing 'the economy of the plant. It is to be expected 
that even a well designed plant, unless safeguarded against 
ills as above suggested, would soon succumb to inevitable 
failure. 

Two types of centralized heating plants are in use, hot 
water and steam. Each will be discussed separately. In the 
discussion of either system, certain definite conditions will 
have to .be met First of all, there should be a demand in 
that certain locality for such a heating system, before the 
plant can be considered a safe investment. To create a de- 
mand requires good representatives and a first-class resi- 
dence or business district. When this demand is obtained 
the plan of the probable district to be heated will first be 
platted and then the heating plant will be located. In many 
cases the heating plant will be an added feature to an al- 
ready established lighting or power plant and its location 
will be more or less a predetermined thing. 

In addition to these material and financial features just 
mentionecL one must consider the legal phases tliat always 
come up at such a time. These relate chiefiy to the franchise 
requirements that must be met before occuping the streets 
with conduit lines, etc. All of these considerations are a 
part of the one general scheme. 

tS7. The Scope of the Work \n ceivlTsA ^V'aAXciTs. \v^"Si.'Csx\.% 
may be bad from the following ouUluc. 
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In tlio hot icatfr ayatcm the return water at a lowered tem- 
poraturo enters the power plant, is passed through one or 
nioro pieces of apparatus carrying live or exhaust steam, or 
flue Kases, and is raised in temperature again to that in the 
uutKoiiiK main. From the above, a number of combinations 
of reheating can be had. Any or all of the units may be put 
in one plant and the piping system so installed that the 
water will pass through any single unit and out Into the 
main; or, the water may bo split and passed through the 
units In parallel; or, It may be made to pass through the 
units in series. All of these combinations are possible, but 
not practicable. In most plants, two or three combinations 
only are provided. In the existing plants the order. of pref- 
eriMico seems to be, exhaust steam reheaters, economizers, 
heating boilers, injectors or com-minglers, and live steam 
heaters. 

All of the above pieces of reheating apparatus operate 
by the transmission of heat through metal surfaces, such as 
brass, steel or cast iron tubes, excepting the com-mingler, 
this being simply a barometric condenser In whi-ohthe exhaust 
steam is condensed by the injection water from the return 
main, the mixture being drawn directly into the pumps. 

The objection to the tube transmission is the limse, mud 
and oil deposit on the tube surfaces, thus reducing the rate 
of transmission and requiring frequent cleaning. The ob- 
jections to the com-minglers are, first, that the pump must 
draw hot water from the condenser and second, that a cer- 
tain amount of the oil passes into the heating line. With 
perfected apparatus for removing lYve oil, the com-mingler 
wV// no doubt supersede, to a large OL^gT^e* \.\i^ \.>aX^^ xv 
' 'n hot water heating. 
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In the 8team syatem the proposition Is very much simpli- 
fied. The exhaust steam passes througrh one or more oil 
separating devices and is then piped directly to the header 
leading to the outgoing main. Occasionally a connection is 
made from this line to a condenser, such that the steam, 
when not used in the heating system, may be run directly 
to the condenser. These pipe lines, of course, are all prop- 
erly valved so that the current of steam may easily be de- 
flected one way or the other. In addition to this exhaust 
steam supply, live steam is provided from the boiler and 
enters the header through a pressure reducing valve. In 
any case when the exhaust steam is insufficient the supply 
may be kept constant by automatic regulation on the reduc- 
ing valve. 

In selecting between hot water and steam systems the 
preference of the engineer is very largely the controlling 
factor. The preference of the engineer, however, should be 
formed from facts and conditions surrounding the plant, and 
should not come from mere prejudice. The following points 
are some of the Important ones to be considered: 

First cost of plant installed. — This is very much in favor of 
the steam system in all features of the power plant equlp- 
nient, the relative costs of the conduit and the outside work 
being very much the same in the two systems. 

Cost of operation. — This is. in favor of the hot water sys- 
tem because of the fact that the steam from the engines 
^ay be condensed at or below atmospheric pressure, while 
the exhausts from the engines in the steam systems must 
be carried from five to fifteen pounds gage, which naturally 
throws a heavy back pressure upon the engine piston. 

.Pressure in circulating mains. — This is in favor of the steam 
System. The pressure in any steam radiator will be only 
* few pounds above atmosphere, while in a hot water sys- 
^m, connected to high buildings, the pressure on the first 
floor radiators near the level of the mains becomes very 
Excessive. The elevation of the highest raddator in the 
Circuit, therefore, is one of the determining factors. 

Regulation. — It is easier to regulate the hot water system 
"Without the use of the automatic thermostatic control, since 
the temperature of the water is maintaiined accox^xxv^ \.o ^ 
Schedule, which fits all degrees of outaVde leTcv^^x^XAYc^. 
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When automatic control Is applied, this advantage is not so 
marked. 

Returning the water to the power plant. — ^In most steam plants 
the water of condensation is passed through indirect heaters, 
to remove as much of the remaining: heat as possible and 
Is then run to the sewer. This procedure incurs a consider- 
a;blo loss, especially in cold weather when the feed water 
at the power plant is heated from low temperatures. This 
point is in favor of the hot water system. 

Estimating charges for heat. — This is in favor of the steam 
system since, by meter measurement, a company Is able to 
apportion the charges Intelligently. The flat rate charged 
for water heating and for some steam heating is in many 
cases a decided loss to the company. 

138. Conduits t — ^In installing conduits for either hot 
water or steam systems the selection shouM be made after 
determining, first, its efficiency as a heat insulator; second, 
its Initial cost; third, its durability. Other points that must 
be accounted for as being very essential are: the supporting, 
anchoring, grading and draining of the mains; provision for 
expansion and contraction of the mains; arrangements for 
taking off service lines at points where there is little move- 
ment of the mains; and the draining of the conduit. 

Some conduits may be installed at very little cost and 
yet may be very expensive propositions, because of their in- 
ability to protect from heat losses; while, on the other hand, 
some of the most expensive Installations save their flrsi 
cost in a couple of years' service. Many different kinds of 
insulating materials are used in conduit work such as mag- 
nesia, asbestos, hair felt, wool felt, mineral wool and air cell 
Each of these materials has certain advantages and under 
certain conditions would be preferred. It is not the real 
purpose here to discuss the merits of the various insulators, 
because the quality of the workmanship in the conduit en- 
ters into the final result so largely. The different ways that 
pipes may be supported and Insulated in outside service wiU 
be given, with general suggestions only. Fig. 107 shows » 
few of the many methods In common use. A very simple 
conduit is shown at A. This is built up of wood sections 
ntted end to end, then covereCL ^VlYv la.TTed paper to prevent 
surface water leaking In and "toOMTvOi -wWXv ^Vc^'^%. ^\i.^\>Vi^ 
-'*'"»'• la a loose fit to the bore aivd T^^\.a w&ox^ XXi^ Va.^« ««^ 
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face, or is supported on metal stools, driven Into the wood or 
msrely restlnfif upon it These stools hold the pipe concen- 
tric with the Inner bore of the log. With much movement 
of the pipe endwise, from expansion and contraction, these 
stools should not be used unless they are loose and have a 
wide surface contact with the wood. A metal llnlnsr with 
the pipe restlnsr directly upon It Is considered good. Tho 
conduit Is laid to a good straight run in a gravel bed and 
usually over a small tile drain to carry off the surface water, 
excepting as this drain Is not necessary in sections where 
there is good gravel drainage. The Insulation in A is only 
fair. The air space around the pipe, however, is to be com- 
mended. B is an improvement over A and is built up of 
boards notched at the edges to fit together. The materials 
used, from the outside to the center, are noted on the sketch 
beginning with the top and reading down. This covering Is 
in general use and gives good satisfaction from every stand- 
point. C shows a good insulation and supports tlie pipe 
upon rollers at the center of a line of halved, vitrified tilo. 
The lower half of the tile should be graded and the pipe then 
run upon the rollers, after wliich it may be covered with 
some prepared covering and the remaining space next tlie 
tile filled with asbestos, mineral wool or other like material. 
D shows the same adapted to cellar work. Occasionally two 
pipes are run side by side, main and return, In wliich case 
large halved tiles may be used as In E, having large metal 
supports curved on the lower face to fit the tile. If these 
supports are not desired tho same kind of straight tiles may 
be used with a tee tile inserted every 8 to 12 feet having the 
bell looking down as in F. In this bell is built a concrete 
setting with iron supports for the pipes which run on rollers, 
over a rod. These rollers are sometimes pieces of pipes cut 
and reamed, but are bette-r if they are cast with a curvature 
to fit the pipes to be supported. This form of conduit, when 
drained to good gravel, gives first-class service. O, II and / 
show box conduits with two or more thicknesses of % inch 
boards nailed together for the sides, top and bottom. The 
bottom of the conduit is first laid and the pipe is run. The 
sides are then set in place and the insulating material put 
in, after which the top is set and the whole filled in. / shows 
the best form of box, since with the air spaces this is a 
very good insulator. All wood boxes are vex^ ^.^xa^'^x^x^ , 
hence, brick and concrete are usually pxeteTx^^. ^ "^^ "^ 
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conduit with 8 Inch brick walls covered with flat stones or 
halved ifflazed tiles cemented to place to protect from sur- 
face leakage. The bottom of the conduit has supports built 
in every 8 to 12 feet, and between these points the conduit 
drains to the gravel. The usual rod and roller here serve 
as pipe supports. The pipe Is covered with sectional cover- 
ing and the rest of the space may or may not be filled with 
wool or chips, as desired. L shows the sectional covering 
omitted and the entire conduit filled with mineral wool, hair 
felt or asbestos, and ashes. M has the supporting rod built 
into the sides of the conduit and has the bottom of the con- 
duit bricked across and cemented to carry the leaks and 
drainage to some distant point. N shows a concrete bot- 
tom with brick sides, having the pipe supported upon cast 
iron standards. The latest conduit has concrete slabs for 
bottom and sides and has a reinforced concrete slab top. 
This comes as near being permanent as any, is reasonable 
in price, and when the interior is filled with good non-con- 
ducting material, or when the pipe is covered with a good 
sectional covering, it gives fairly high efllciency. 

All conduits should be run as nearly level as possible 
to avoid the formation of air and water pockets In the main. 
Any unusual elevation in any part of the main may require 
an air vent being placed at the uppermost point of the curve, 
otherwise air may collect in such quantities as to retard cir- 
culation. All low points in the steam lines must be drained 
to traps. 

The heat lost from conduits is an item of considerable Im- 
portance. A good quality of materials and insulation will 
probably reduce this loss as low as 20 to 25 per cent of 
the amount lost from the bare pipe. To show the method of 
analysis and to obtain an estimate of the average conduit 
losses, the following application will be made to a supposed 
two-pipe hot water system. The loss of heat in B. t. u. pe' 
lineal foot from any pipe per hour may be taken from the 
formula 

He = KCA it — r) (65) 

# 

where K = rate of transmission for uncovered pipes, = 1^^ 
per cent. — efficiency of the insulation, A = area of pipe sur- 
face per lineal foot of pipe, t = average temperature in ti»* 
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Inside of the pipe and f = averagrc temperature on the out- 
side of the conduit. 

Application. — ^Havingr given a system of conduit pipes 
(two pipes in one conduit) with sizes and lengths as stated 
*n the first and second columns of Table XXVI, what is the 
I>robable heat loss in B. t. u. per hour on a winter day and 
^hat is the radiation equivalent in a hot water system car- 
rying water at an average temperature of 170 degrees? 



TABLE XXVI. 



I*lpe size 
inches 


Total lineal 

feet of main 

and return 


Surface per 

foot of length 

A. 


B. t. u. per hr. 
per lineal foot 

He 


Equivalent 

no. of sq.ft. 

of H.W. Ra«l. 


*. 










2 


5000 


.62 


48.8 


1435 


3 


2000 


.91 


71.6 


842 


4 


3000 


1.06 


83.4 


1472 


. 6 


3000 


1.73 


137.1 


2420 


8 


2000 


2.26 


177.9 


2093 


10 


2000 


2.83 


221.9 


2611 


12 


2000 


3.33 


262.0 


3082 


14 


1000 


4.00 


314.8 


1852 



otals. B. t. u. lost per hour 2687100 



15807 



If Jl = 2.25, C = 100 — 75 = 25 per cent., t = 175 and 
*' = 35, we have for a 2 inch pipe, Uc — 2.25 X .25 X .62 X 140 
^^ 48.8, which for 5000 lineal feet = 244000 B. t. u., and for 
'^he entire system 2687100 B. t. u. If each square foot of hot 
"Water radiation gives off 170 B. t. u. per hour then the 
:radlatlon equivalent for the 2 inch pipe Is 244000 -i- 170 = 
1453 square feet. Similarly work out for each pipe size and 
obtain the values given In the last column of the table. This 
conduit loss is sufficient to heat 15807 square feet of radia- 
tion in the district. In terms of the coal pile it approxi- 
ma.te8 350 pounds per hour. Now assuming the 14 inch 
main to supply the entire district at a velocity of 6 feet per 
second we have approximately 162000 square feet of H. W. 
surface on the line. From this the line loss Is 15807-4-162000 
= 9.1 per cent It should be remembered that the above as- 
sumea the plant working under a Yveavv \oa^^ -^Yv^w N2^^ '^'k^ 
cent of line loss Is a minimum. T\vla \oaa x^xix'a.Va.^ ^'SiX'tVi 
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constant while the heat utilized in the district fluctuates 
greatly. In mild weather, therefore, the per cent, of line 
loss to the total heat transmitted is much greater. 

139. Layout of Street Mains and Conduits t — No definite 
information can be given concerning the layout of street 
mains, because the requirements of each district would call 
for independent consideration. The following general sug- 
gestions, however, can be noted as applying to any hot 
water or steam system: 

Streets to 6e used. — Avoid the principal streets in the city, 
especially those that are paved; alleys are preferred because 
of the minimum cost of installation and repairs. 

Cutting of the mains. — Do not cut the main trunk line for 
branches more often than is necessary. Provide occasional 
by-pass lines between the main branches at the most im- 
portant points in the system, so that, if repairs are being 
made on any one line, the circulation beyond that point may 
be handled through the by-pass. Such by-pass lines should 
be valved and used only in case of emergency. 

Offsets and expansion joints. — Offsets in the lines hinder 
the free movement of the water and add friction head to the 
pumps; hence, in water systems, the number should be re- 
duced to a minimum. Long radius bends at the corners re- 
duce this friction. Offsets are especially valuable to take 
up the expansion and contraction of the piping without the 
aid of expansion joints. This is illustrated in Fig. 108, where 
anchors are placed at A, and the gradual bending of the 
pipes at each corner makes the necessary allowance. The 
expansion in wrought iron is about .OOOOS inch per foot per 
degree rise in temperature; hence in a hot water main the 
linear expansion between 0* and 212° is .017 inch per foot of 
length or 1.7 inches for each 100 feet of straight pipe. In 
hot water heating systems, however, the temperature of this 
pipe would never be less than 50", which would cause an 
expansion from hot to cold of only .013 inch per foot, or 
1.3 inches for each 100 feet of straight pipe. In a steam 
main the temperature may vary anywhere from 50" to 300*. 
making a linear expansion of .02 inch per foot of length or i 
inches for each 100 feet of straight pipe. As here shown the 
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Figr. 108. 



movement from the anchor 
at. A toward B may bo ab- 
sorbed by the swinging of the 
pipe about O. B.H. should 
therefore be as long as possi- 
ble, say one full block, to 
avoid unduly straining the 
pipe at the joints. Allowing a 
maximum movement of 6 
Inches for each expansion Joint, the anchors would be spaced 
600 and 300 feet center to center respectively, for hot watiT 
*nd steam mains. These figures would seldom be oxciedeil, 
and in some cases Wtould be reduced, the spacing depending 
upon the type of expansion joint used. Ordinarily, 400 feet 
spacing would be recommended for hot water and 300 feet 
for steam. If the city layout meets this value fairly well, 
then the expansion joints and anchors may be made to 
alternate with each other, one each to every city block. 

A few of the expansion joints in common use are shown 
In Pig. 109. A Is the old slip and packed joint. This joint 
causes very little trouble except that it needs repacking 
frequently. It is very effective when properly cared for. 
The slip joint should have bronze bearings on both the 
outside of the plug and the lining of the sleeve. The ends 
of the plug and sleeve may be screwed for small pipes, 
or flanged for large ones. B shows an improved type of 
slip joint, having a roller bearing upon a plate in tlie 
Wtom of the conduit, and plugs bearing against metal 
Plates along the sides of the conduit to keep it in line. C 
and D show other slip joints very similar to A and B. C 
has one ball and socket end to adjust the Joint to slight 
changes in the run of the pipe, and D has two packings 
enclosing the plug to give it rigidity. The drainage in 
each case is taken off at the bottom of the casting. E has 
two large flexible disks fastened to the ends of the pipe and 
Separated from each other by an annular ring casting. 
These disks are frequently corrugated, are usually of cop- 
per and are very large in diameter so that the pipe has con- 
siderable movement without endangering the metal in the 
Visits. F has a corrugated copper tube fastened at the ends 
to the pipe flanges. This is protected from excessive Inter- 
nal pressure by a straight tube having a sWAVivg t^\. \.ci \.\v^ 
'^Blde of the Ganges, thus allowing for end inoNercv^Tv\„ O \"^ 



HEATINQ AND VENTILATION 




DISTRICT HEATINQ 111 

tlar to E. It bfts, however, only one copper disk. 
( la enclosed In a ea«t Iron casement, one side of 

■open to the atmosphere, the other side havtnK tho 
tssure ai within the pipe. U la very almllar to B. 
wo copper dIaphraKms to take up the movement. 
aphraKina flex over rlnKS with curved cdK«B and 

protected Bomewhat against failure. I showa a 
[ tube which la aometlmca used. Tlila Is act la a 
Ll position and the expansion and contraction la 

by bending- the loop. In all these Jolnta those 
<pend upon the bending of the metal require little 
I except where complete rupture occurs. In old 
lowever, the rupturing of these diaphragms la Of 

occurrence. The packed Joint requires attention 
.Ing aeveral times In the year, but very seldom 
■ouble other than this. 

m. — In any long run of pipe, where the eipanHlon 
Taction of the pipe causes It to aliKt Its position 
:h, It is necessary to sncUor the pipe at Intervals so 
mpel the movement toward certain desired points. 
lOr la aometlmes combined with the eipamslon joint, 

case the conduit work Is slmpllRed. See Fig. IIO, 
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Service pipes to residences are taken off at or n>ear t 
anchors. All condensation drains In steam mains are lik 
wise taken off at such points. 

Valves, — ^All valves on water systems should be straigl 
way g&te valves. Valves on steam systems should be ga 
valves on lines carrying condensation, and renewable ae 
globe valves on the steam lines. Valves should be placed < 
the main trunk at the power plant, on all the princip 
branch mains as they leave the main trunk, on all by-pa 
lines, on all the service mains to the houses, and at sui 
important points along the mains as will enal)le certa 
portions of the heating district to be shut off for repal 
without cutting out the entire district. 

Manholes, — Manholes are placed at important points aloi 
the line to enclose expansion joints and v-alves. These mai 
holes are built of brick or concrete and covered with in 
plates, flag stones, slate or reinforced concrete slabs. C& 
must bo exercised to drain these points well and to have tl 
covering strong enough to sustain the superimposed load 

140. Typical Desism for Consideration t — ^In discussii 
district heating, each importaoit part of the design work wl 
be made as general as possible and will be closed by 8 
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Wllcatlon to the (olIowlnK concrpte rzample which refprs 
I B certain portion of an ImaKlnary city. Fig'. Ill, ag ava.ll- 
111 lerrltory. A city water Bupi)ly and llghtlnK plant Is 
ated as shown, with lighting and power units aKgregat- 
f 47E K. W.. city water supply pumps aKKregatlnK 3000000 
Itlona maximum capacity, and smaller units rtquirlng ap- 
"Cilniately IS per cent, of the amount til sti'am used by 
le larse,r lighting' units, all as suggi'Rled In general Instruc- 
ms In the problem pamphlet It Is fleslred to re-deHlgn this 
■at and to add a district heating system to II; the same to 
ive all the latest methods of operation and to be o( xuch a 
le SB to be ecotiamlcaUy handled. Fig. US shows the esaen- 
il aetallB of the finished plant 

141. Electrical Ontpot nnd Eskanst Stcan Available for 
eallac Por^oae* from the Power I'nttii^ln the opiriitlon 
! such a plant, one of the principal assets la the amount of 
ihaust steam available for heating purposes. The amount 
ay be found for any time of the day or night by conslruct- 
li a power chart as in FIk, US, and a stvam consumption 
itrtaa In Fig. 113. Referring to Fig. 112, the values here 



oo 






































'^2^!! ^^;t"= 


^ 


I 


: 


d 


d 


q 












d 








- 


I 


Wl 






TO 


n 








^ 


I 


d 


I 




q 




















r 


- 




















































«^ 
































































































































- 


















^ 












































-. 


J 






- 


- 




- 






























- 


- 




- 


_ 


- 




- 


- 




- 




















- 








- 


- 


KD 








































































































































~ 








" 


■ 


" 




■ 






- 


- 


— 


— 


— 


— 


- 





















1234561 49 10 11 



131 334 5614910 II 

HOURS 
Fig. llf. 

'vtn are assumed, for Illustration, to be those recorded at 
IB switchboard of the typical plant on a day when heavy 
■rylco la required. The eurves show that the 76 E.W. unit 
tta from 18 P. M. to 7 A. M. and from S P. H. ^o \1 Y. lA. 
iBi on output ot 26 E. W. It also runs from 1 A., 16.. Vo \ft >^- 
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M. and from 4 P. M. to t P. M. under tult load. The IBS E. W. 
unit runa from t A. M. to 7 A. M. with an output of 100 H. If- 
and then Increases to 1 =5 K. W. for the entire time until 6 P. M. 
when It Is shut down. The 260 K. W. unit Is started up at 7 
A. M. and runs until 6 P. M. under full load, when the loaa 
drops off lo 150 K. W. and continues until 10 P. M. when Hie 
unit Is shut down, leaving only the 75 K. W. unit running. Tin 
heavy solid line shows all the power curves superimposed 
one upon tlie other. Having given the K. W. output, the gen- 
oral formula for doitcrmlning the horse-power of the euglnei 



Is 



< 1000 



where E and B' are the efficiencies of the generator and en- 
gine respectively. It we assume the efficiency of the gener- 
ator to he 90 per cent,, and that of the engine to be SS per 
cent., then formula 66 becomes 



746X.90 X.9Z 



Assuming that the 250 K.W. unit consumea 24 pounds, IM 
150 £. W. unit 32 pounds, and the 7S K. W. unit 32 pounds ol 
ateam per /. If, P. hour respectively, when running undM 
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normal loads, we have the total steam consumed in the three 
units at any time shown by the lower curve in Flgr. 113. 
The upper curve shows the 15 per cent, added allowance for 
smaller units not included In the above list. The values 
assumed for efficiencies and the values for steam consump- 
tion are reasonable, and may be used if a more exact 
figure is not to be had. 

It will be seen that the maximum steam consumption in 
the generating units in the power plant is 23100 pounds per 
hour and the minimum is 1490 pounds per hour. These two 
amounts, then, together with the exhaust steam from the 
circulating pumps on the heating system, if a hot water 
system is installed, and that from the pumps in the city 
water supply, will determine the capacity of the exhaust 
steam heaters on the hot water supply and the capacity of 
the boilers or economizers to be used as heaters when the 
exhaust steam is deficient. 

142. Amomit of Heat Available for Heattnar Purposea 
im Exhaust Steam, Compared with That In Saturated Steam 
■t the Preaanre of the Bxhauati — To study the effect of ex- 
haust steam upon heating problems and to determine, if 
possible, the theoretical amount of heat given off with 
the exhaust steam under various conditions of use, let us 
malte several applications: first, to a simple high speed 
non-condensing engine using saturated steam; second, to 
a compound Corliss non-condensing engine using saturated 
steam; third, to the first application when superheated 
steam is used instead of saturated steam; and fourth, to a 
horizontal reciprocating steam pump. Assume the follow- 
ing safe conditions. Case one — boiler pressure 100 pounds 
sage; pressure of steam entering cylinder 97 pounds gage; 
quality of steam at cylinder 98 per cent.; steam consump- 
*^ion 34 pounds per Indicated horse-tpower hour; one per 
Cent loss in radiation from cylinder; and exhaust pressure 
2 pounds g&ge. Case two — boiler pressure 125 pounds gage; 
Pressure at high pressure cylinder 122 pounds gage; quality 
^f steam entering high pressure cylinder 98 per cent.; 
^team consum^ption 22 pounds per indicated horse-power 
^our; 2 per cent, loss in radiation from cylinders and re- 
ceiver pipe, a»nd exhaust pressure 2 pounds gage. Case 
three — same as case one with superheated aleaxtv a.\. \^^ ^'&- 
^rees of superheat Case four — as stated later. 
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The number of B. t. u. exhausted with the steam, in 
any case, is the total heat in the steam at admission, minus 
the heat radiated from the cylinder, minus the heat ab- 
sorbed in actual work in the cylinder. 

High speed engine. Case one. — Let r = heat of vaporiza- 
tion per pound -of steam at the stated pressure, x = quality 
of the steam at cut-off, q = heat of the liquid in the 
steam per pound of steam, and W» = pounds of steam per 
indicated horse-power hour. From this the total number 
of B. t. u. entering the cylinder per horse-power hour is 

Total B. t u. = W. (XT + q) (68) 

From Peabody's steam tables r = 881, x = .98 and q = 307; 
then if W, = 34, initial B. t. u. = 34 (.98 X 881 + 307) = 
39792.92. Deducting the heat radiated from the cylinder 
we have 39792.92 X .99 = 39395 B. t. u. per horse-power 
left to do work. The B. t. u. absorbed in mechanical work 
(useful work + friction) in the cylinder per horse-power 
hour is (33000 X 60) -r- 778 = 2545 B. t. u. Subtracting 
this work loss we have 39395 — 2545 = 36850 B. t. u. given 
up to the exhaust per horse-power hour. Comparing this 
value with the total heat in the same weight of saturated 
steam at 2 pounds gage, we have 100 X 36850 -r (34 X 
1152.8) = 94 per cent 

Compound Corliss engine. Case two. — ^Wlith the same terms 
as above let r — 867.4, x = .98, q — 324.4, and W. = 22, 
then the initial B. t. u. = 22 (.98 X 867.4 + 324.4) = 25837.9. 
Less 2 per cent, radiation loss = 25837.9 X .98 = 25321.14 
B. t. u. The loss absorbed in doing mechanical work in the 
cylinder per horse-power is, as before, 2545 B. it, u. Sub- 
tracting this we have 25321.14 — 2545 = 22776.14 B. t n. 
given up to the exhaust per horse-power hour. Comparing 
as before with saturated steam at 2 pounds gage, we hav« 
100 X 22776.14 -r- (22 X 1152.8) = 90 per cent 

Case three. — ^Now suppose superheated steam be used to 
the first application, all other conditions being the same, 
the steam having 150 degrees of superheat, what difference | 
will this make in the result? The total heat entering th« 
cylinder now is the total heat of the saturated steam *< 
t/ie Initial pressure plus the heat given to it in the supe^ 
lieater. Let Cp = speclftc "heal ol ^\r^^tY!k.^BA.«d steam M*| 
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U = the degrees of superheat, then the total heat of the 
superheated steam is 

Total B. t. u. (sup.) = W, (xr -\- q -\- CpU) (69) 

This for one horse-power of stoam (34 pounds), if tlie 
specific heat of superheated stoam is .ri4, will b<> .34 X .99 
X (1188 + .54 X 150) = 42714.5 IJ. t. u. and thr htjit lurn»«d 
into the exhaust will be 42714.5 — 2545 = 40169.5 B. t. u. 
Comparlngr this with the heat in saturated steam at 2 
pounds gage, we have 100 X 40169.5 -r- (34 X 1152.8) = 102 
per cent. 

Cane four. — Pump exhausts aro sometimes led into tlie 
supply and used for heating purpo.ses along with the engin*' 
exhausts. If such conditions be found, what is the heating 
value of such steam? Assume the live s^team to ent«r the 
«team cylinder of the pump under the same pr«'ssure and 
<iuallty as recorded for the higli speed engine*. The steam 
is cut off at about % of the stroke and expands to tlic end 
of the stroke. With this small expansion the absolute 
pressure at the end of the stroke will be approximately 
% X 112 = 98 pounds, and if enough heat is absorbed from 
the cylinder wall to bripg the steam up to saturation at 
the release pressure, we will have a total lieat abi>ve 32 
degrees, in the exhaust steam per pound of steam at 98 
Pounds absolute, of 1185.6 B. t. u. Comparing this with a 
Pound of saturated steam at 2 pounds gage, we have 
loo X 1185.6 -i- 1152.8 = 103 per cent. Under the con- 
litions such as here stated with a liigh release pressure, 
L small expansion of steam in tlie cylinder and dry steam 
Lt the end of the stroke, it is possible to suddenly drop the 
► ressure from pump release to a low pressure, say 2 pounds 
r«ge, and have all the steam brought to a state approach- 
Hg superheat. It is not likely, however, that the stoam 
a dry at the end of the stroke in any pump exhaust, be- 
muse the heat lost in radiation and in doing work in the 
X-ow moving pump would be such as to have a considerable 
Xncunt of entrained water with the steam, thus lowering 
^le quality of the steam. These above conditions are ex- 
feme end are not obtained in practice. 

Prom cases one and two it would appear that the 
*^ateat amount of heat that can be expected from engine 
^hausts, for use in heating systemis at or iveax W\^ ^t^^- 
tire of the atmosphere, is 90 to 94 per ceivt, ot Vcv^X. ^^ 
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saturated steam at the same pressure. The percentagre will, 
in most cases, drop much below this value. All things con- 
sidered, eaehaust steam having 80 to 85 per cent, of the value of 
saturated steam at the sams pressure is prohaMy the safest rating vihm 
calculating the amount of radiation which can he supplied by the 
engines. In many cases no doubt this could be exceeded, but 
it is always best to take a safe value. On the other hand, 
when figuring the amount of condenser tube surface or reheater tulM 
surface to condense the steam, it would be best to take exhaust steam 
at 100 per cent, quality, since this would be working toward 
the side of safety. 

In plants where the exhaust steam is used for heating 
purposes and where the amount supplied by direct acting 
steam pumps is large compared with that supplied by the 
power units, it is possiible to have the quality of the ex- 
hausts anywhere between 800 and 1000 B. t. u. per pound 
of exhaust. It should be understood that saturated steam 
at any stated pressure always has the isame number of 
B. t. u. in it, no matter whether it is taken directly from 
the boiler, or from the engine exhaust A pound of the 
mixture of steam and entrained water, taken from engine j 
exhausts, should not be considered as a pound of steam. 
If we are speaking of a pound of exhaust steam without 
the entrained water as compared with a pound of saturated 
steam At the same pressure, they are the same, but a pound 
of engine exhaust or mixture is a different thing. 
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HOT WATER SYSTEMS. 

148. Four Cr«Ber«l Claiialllcatloiui of hot water hoatingr 
may be found in current work, two applying to the conduit 
piping: system and two to the power plant piping aystrm. 
The first, known as the one-pipe complete circuit system, is shown 
In Fig. 114. It will be noticed that the water leaves the 
power plant and makes a complete circuit of the district, 
as At B, O, 2>, E, F, O, through a single pipe of uniform 
diameter. From this main are taken branch mains and 
leads to the various houses, as a, l>, c and d, e, each one 
returning to the principal main after having made Its own 
minor circuit. The second is known as the two-pipe high 
pressure system, in which two main pipes of like diameter 
laid side by side in the same conduit, radiate from the 
power plant to the farthest point on tlie line reducing 
in size at certain points to suit the capacity of tliat part 
of the district served. This system is represented by Fig. 
115. In the one-pipe system the circulation in the various 
residences is maintained, in part, by what is known as the 
shunt system^ and in part, by the natural gravity circula- 
tion. The circulation in the two-pipe system Is main- 
tained by a high differential pressure between the main 
and the return at the same point of the conduit. The force 
producing movement of the water in the sliunt system is, 
therefore, very much lees than In the two-pipe system. As a 
consequence, the one-pipe system has a lower velocity of the 
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water in the houses and larger service pipes than the t^iro' 
pipe system. 

In many cases it Is desired to connect central heatfn^ 
mains to the low pressure hot water systems in private 
plants. JSuch connections may easily be made with eitlier 
one of the two systems by installinflf some minor pieces 
of apparatus for controllingr the supply. 

fTho third and fourth classifications, the op^n and cloted 
systems, have about the same meaningr as when applied to 
g^ravity work in isolated plants. The first is open to the 
atmosphere at some point alongr the circulatingr system, usu- 
ally at the expansion tank which is placed on the return 
line Just before the circulating pumps. The closed system 
prt5Supposes some form of regulation for controlling exces- 
eive or dellcicnt pressures without the aid of an expansion 
tank. In such cas-es pumps with automatic control may be 
used for taking care of the reserve supply of water. In the 
open system the exhaust steam may be injected directly into 
the return circulating water by the use of an open heater ' 
or a coni-iningler. The open heater and com-mlngler cannot 
be used on the pressure side of the pumps. Surface con- 
densers or reheaters, heating boilers and economizers may 
be used on either open or closed systems. 

144. Amoiint of Water Needed per Hovr ■« a Heatlag 
Medium I— >A 11 calculations must necessarily begin with the 
heat lost at the residence. Referring to the standard room 
mentioned in Art. 80, we find the heat loss to be 14000 B. t u. 
per hour, requiring 84 square feet of hot water heating sur- 
face to heat the room. Let the circulating water have the 
following temperatures: leaving the power plant 180°, enter- 
ing the radiator 177% leaving the radiator 157% and entering 
the power plant 155°. According to these figures, which may 
be considered fair average values, the water gives off to the 
radiator 20 B. t. u. per pound or 166.6 B. t. u. per gallon, thus 
requiring 14000 -5- 166.6 = 84 gallons of water per hour to 
maintain the room at a temperature of 70'. From this a 
safe estimate may be given for design, i. e., each square foot of 
hot water radiation in the city tcill require approximaWy one gaU(^ 
of water per hour, which in a plant op<'rating under high efll- 
clency may be reduced to 6 pounds per square foot per hour. 
It Is very c(frtaln that some i>\awla are designed to supply 
less than one gallon, but \n s\ic\v cviaea \\. T^c^vk\xfe% ^. Wilier 
'^raturo ot the clrculaUng vjalex aiv^ ^.\\q^^\Vvx\^^\cw>w^ 
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for future ezpanston of the plant. A drop of 20 degrroos, 
L e., 20 B. t. u. heat loss per pound of water passing through 
the radiator, Is probably the most satisfactory basis. All 
things considered, the above Itallclsod statement will satisfy 
every condition. (See Art. 173). Having the total numbor 
of square feet of radiation in the district, th«' total amount 
of water circulated through the mains por hour can bo 
obtained, after which the size of the pumps in the power 
plant may be es-timated. 

145. Radiation In the District i — Tho amount of radia- 
tion that may be installed in the district is problematical. In 
an average residence or business district the following fig- 
ures may easily be realized: huHinrsfi square, 9000 square fvet; 
residence square, ^500 square fvet. In certain locations these fig- 
ures may be exceeded and In others they may be reduced. 
Where the needs of the district are thoroughly understood a 
more careful estimate can easily be made. It is always well 
to make the first estimate a safe one and any possible in- 
crease above this figure could be taken care of as in Art. 
144. Referring to Fig. Ill, an estimate of the amount of 
radiation that may be expected in this typical case, if we 
assume ten business squares and twenty-one residence 
squares, is 184500 square feet. This will call for the circu- 
lation of 184500 gallons of water per hour. 

146. Future Increase in Radiation i — From the tempera- 
tures given in Art. 144, it will be seen that each pound of 
water takes on 25 B. t. u. at the power plant and that there 
is a possible increase of 212 — 180 = 32 B. t. u. per pound that 
nay be given to it, thus increasing the capacity of the system 
approximately 125 per cent. It would not be safe to count 
on such an increase in the average plant because of a defec- 
tive layout in the piping system or because of a low effi- 
ciency in some of the pumps or other apparatus in the 
plant. If, however, a plant is installed according to the 
a.bove figures, the capacity may be quite materially Increased 

' by increasing the temperature of the outgoing water at th« 

Plant to 212% 
( 

147. The Pressure of the "Water In the Mains: — The ele- 
vation above the plant at which a central station can supply 

= ^'adiation ds limited. Water at 180° will weigh 60.55 povitv^^ 

J Per cubic foot, and the pressure caused by aiv e\eNaLV\oTv ^^ ^- 

\ 'oot is .42 pound per square inch. From t.\iia l\ve staLlVc ^^<i»- 

i 
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sure at the power plant, due to a hydraulic head of 100 feet, 
Is 42 pounds per square inch. This value should not be ex- 
ceeded, and generally, because of the influence it has on the 
machines and pipes toward producing leaks or complete 
ruptures, a less head than this is desirable. A static pres- 
sure of 42 pounds may be expected to produce, in a well de- 
signed plant, an outflow pressure of 65 to 75 pounds per 
square inch and a return pressure of 15 to 20 pounds per 
square inch, when working under fairly heavy service. In 
any case where the mains are too small to supply the radia- 
tion in the system properly, we may expect the value given 
for the outflow to increase and that for the return to de- 
crease. A safe set of conditions to follow is: head, in feet, 
60; static pressure, in pounds per square inch, 25; outgoing 
pressure at the pumps, in pounds per square inch, 50; return 
pressure at the pumps, in pounds per square inch, 5. 
This differential pressure of 45 pounds is caused by the 
friction losses in the piping system, pumps and heaters. 
Long pipe systems, as these are called, have much greater 
friction losses in the long runs of piping than In the ells, 
tees, valves, etc., hence, the friction head of the pipes is all 
that is usually considered. Where the minor losses are 
thought to be large, they may be accounted for by adding 
to the pipe loss a certain percentage of itself, say 10 to 20 
per cent. Pump power is figured from the differential pressure. 

The maximum and minimum pressures in the system are 
due to two causes; first, the static head, and second, the 
frictional resistances. These extremes of pressure are ap- 
proximately — static head plus (or minus) one-half the frictioM^ 
resistances. To obtain the frictional resistances, Chezy's for- 
mula, 70, is recommended. .See Merriman's "A Treatise 
on Hydraulics," Arts. 86 and 100, and Church's "Mechanic« 
of Engineering," Art. 519. 

hf = X — (7*) 

d 2g 

where hf = feet of head lost In friction, = friction factor 
(synonymous with coefficient of friction. For clean cast 
iron pipes with a velocity of 5 to 6 feet per second thW 
has been found to vary from .0065 to .0048 for diameters 
between 3 and 15 inches respectively. .005 is suggested a« 
a safe average value to use), I = length of pipe in '«**• 
p = velocity of water in feet per second, d = diameter 
of pipe in feet and 2g = 64.4. 
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Application. — ^In Flgr. 115, let It be -desired to find the 
llfferentlal pressure at the pumps due to the friction losses 
In the line A, B, O, D, E, The lengths of -the various parts 
are: power plant to A, 200 feet; A to B, 500 feet; B to C, 
1500 feet; O to D, 1500 feet; and D to E. 500 feet. Assume, 
for Illustration, that the total radiation in square feet 
beyond each of these points is: power plant, 125000; A, 85000; 
B, 50000; C, 28000; and D, 12000. This requires 125000, 85000, 
50000, 28000 and 12000 grallons of water per hour, or 4.74, 
3.27, 1.75, 1 and .44 cubic feet of water per second, respec- 
tively, passing: these points. Now, if the velocities be 
roughly taken at 6 and 5 feet per second, (pipes near the 
power plant may be given somewhat higher velocities than 
those at some distance from the plant), the pipes will be 12, 
10, 8, 6 and 4 inches diameter. In applying the formula to 
one part of the line we show the method employed for each. 
Take that part from the power plant to A. With t? = 6 

4 X .005 X 200 X 36 

hf = = 2.2 fCwt. 

64.4 X 1 

It should be noted here that formula 70 refers to pipes 
where all the toater that enters at one end passes out the other. 
This Is not true In heating mains where a part of the water 
Is drawn oft at intermediate points. On the other hand, 
Merriman, Art. 99, explains that a water service main, where 
the water is all taken off from intermediate tappings and where 
the velocity at the far end is zero, causes only one-third of the 
friction given by the above formula. The case under consid- 
eration falls somewhere between these two extremes, the part 
next the power plant approaching the former and the last 
part of the line exactly meeting the conditions of the latter. 
Assuming the mean of 'these two conditions, which is 
probably very close to the actual, gives two-thirds of -that 
found by the formula. Now since this Is a double main 
system, 1. e., m<ain and return of the -same size, the friction 
head for the two lines becomes 2.94 feet, from the power 
plant to A. In a similar way the other parts may be tried 
^nd the results from the entire line assembled in convenient 
form as in Table XXVIL 
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TABLE XXVIL 



Distance between points 

Radiation supplied 

Volume of water passing 

point in cu. ft. per sec 

Velocity f. p. s 

Area of pipe sq. ft 

Diam. of pipe in ft 

hf by (73) for flow main 

hf (taking % value) 

hf (% val. flow and return).. 



P. p. 

to A. 


AtoB 


BtoC 


CtoD 


200 


500 


1500 


1500 


125000 


85000 


50000 


28000 


4.74 


8.27 


1.75 


1. 


6 


6 


5 


5 


.79 


.545 


.35 


.20 


1 


.83 


.66 


.5 


2.2 


6.7 


17.4 


23.3 


1.47 


4.47 


11.6 


15.5 


2.94 


8.94 


23.2 


31.0 



From the last line of the table we obtain the 
friction head for both mains, not including ells, tees, \i 
etc., to be 81.6 feet. This is equivalent to 34.3 pound 
square linch. Now if we allow about 20 per cent, of al 
line losses to cover the minor losses we have approxlm 
40 pounds differential pressure, which is a reasonable ^ 

148. Velocity of the Water In the Mains and the 
meter of the Mains: — The district is first Chosen an( 
layout of the conduit system is made. This is done 
pendently of the sizes of the pipes. When this layo 
finally completed, the pipe sizes are roughly calculate 
all the important points in the system, and are tabu 
in connection with the friction losses for these part 
in Art. 147. When this is done, formula 71, which is 
ommended to be used in connection with formula 70, mi 
applied and the theoretical diameters found. (The app 
mate diameters and the friction heads need not be c 
lated in formula 70 for use in formula 71, providing 
estimate may be made for the value of hf, for the va 
lengths of pipe. If desired, hf may be assumed withou 
reference to the diameter, but this is a rather tedious 
cess. For good discussion of this point see Church's 
draulic Motors, Arts. 121-124 b.) 



d = .629 I % X 



[ 



<t>JQ^ 1% 



hf 






where d, hf, <f> and I are the same as in formula 70, and 

cubic feet of water passing through the pipe per se 

This formula differs from those given in the refer 

Btated, in tha/t the term % la insen^^ «^^ ^ x^^^xi n^\u 
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tween the two extreme conditions, as statod In Art. 147. 
Application. — L#et It be desired to And the diameter for tlie 
single main between the power plant and A, Art. Ii7, with 
hf = 1.47 

[2 X.005 X200X (4.74)« T^ 
I = 1 ft. = 12 in. 
3 X 1.47 -^ 

Applying to the entire line with hf as given in next to last 
line of Table XXVII, gives power plant to A, d = 12 Indies; 
ito B, d = 10 Inches; B to C, d = 8 Inches; C to i>. d = 6 
inches; and D to ^, d = 4 inches. 

In some cases, when close estimating is not required, 
It is satisfactory to assume a velocity of the water and find 
the diameter without considering the friction loss. In many 
cases, however, this would soon prove a positive loss to the 
company. With a low velocity, the first cost would ho large 
and the operating cost would be low. On the other hand. 
If the velocity were high, the first cost would be small and 
the operating cost and depreciation would be large. As an 
iUustration of how the friction head increases in a pipe of 
this kind with increased velocity, refer to the run of mains 
between B and C. Assuming a velocity of 10 feet per 
second, which in this case would bo very high, the friction 
head, hf, for the single main, becomes 62 and the theoretical 
diameter Is 5.5, say 6 Inches. The friction head, as will be 
seen, Is 5.4 times the corresponding value when the velocity 
was 5 feet per second. Since the pump must work contin- 
ually against this head, it would incur a financial loss that 
'Would soon exceed the extra cost of installing larger pipes. 
It is found In plants that are in first class operation that 
the velocities range from 5 to 7 feet per second. 

The calculations In Arts. 147 and 148 are very much 
simplified by the use of the chart shown in the Appendix. 
In planning a system of this kind, find the friction head 
On the pumps and the diameters of tlie pipes for various 
Velocities, say 4, 6, 8 and 10 feet per second. Estimate the 
Probable first cost and the depreoiatioi? of the conduit sys- 
tem for each velocity, and balance tnese figures with the 
'Operating cost for a period of, say five years, to see which Is 
the most economical velocity to use in figuring the system. 

149. Service ConneetioiiM arc usually inst Ailed froxrv ^Q 
to 36 Inches below the surface of the grouTvai, sltv^ 5n.x^ N-^- 
•Ulated Jn some form of box conduit -wMcYi ooTcv&aT^a lia.NOX- 
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ably with that of the main conduit. Service branches are 
!%» 1% and 2 inch wrought iron pipe. These are usually 
carried to the building: from the conduit at the expense of 
the consumer. Such branch conduits are not drained by 
tile drains. See Art. 176. 

150. Total Steam Available and B. t. n. Liberated per 
Hour for Heatlngr the Clrcnlatlngr IVater: — The amount of 
steam available for heating the circulating water is that 
given oft by the generating units, plus that from the cir- 
culating pumps, plus that from the city water supply pumps 
if there be any, plus that from the auxiliary steam units 
in the plant, i. e., small pumps, engines, etc. In the typical 
application this amounts to 23100 + 12720 + 8680 = 44500 
pounds per hour. 

This steam, of course, Is not equal to good dry steam in 
heating value because of the work it has done in the engine 
and pump cylinders, but a good estimate of its value may 
be approximated. In addition to the terms used in for- 
mula 68, let q' = heat in the returning condensation per 
pound; then the heat available for heating purposes per 
pound of exhaust steam is 

B. t. u. = a>r + g — fl' (72) 

It is probably safe to consider the quality of the steam a« 
85 per cent, of that of good dry steam at the same pressure. 
Since the pressure of the exhaust from a non-condensing 
engine, as it enters the heater, Is near that of the atmos- 
phere, and since the returning condensation is at a tempera- 
ture of about 180% the total amount of heat given off from 
a pound of exhaust steam to the circulating water is 
B. t. u. = .85 X 969.7 + 180.3 — (180.3 — 32) = 856, say 850. 
If W$ be the pounds of exhaust steam available, the total 
number of B. t. u. given off from the exhaust steam per hourl* 

Total B. t u. = 850 W, (73) 

Applying this to the typical power plant gives 850 X 
44500 = 37825000 B. t. u. p«r hour. This amount is probably 
a maximum under the conditions of lighting units as stated, 
and would be true for only 5 hours out of 24. At other 
times the exhausi steam drops off from the lighting unit* 
and this deficiency must be made good by heating the circn- 
la ting water directly from the coal, by passing the watei 
through heating boilers or Toy paaaVivs W. \.\iT^i>aL|s\i^ econonal* 
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ers where It is heated by the waste heat from the stack 
gases. 

151. AmooBt of Hot IVater Radiation in the Dintrict 
that can be Supplied by One Pound of Bxhanst Steam on a 
Zero Days — In Art. 144, each pound of water takes on 25 
B. t. u. In passing: through the reheaters at the power plant, 
and gives oft at least 20 B. t. u. in passing through the 
radiator. The number of pounds of water heated per pound 
of steam per hour is, Ww = (Total B. t. u. available per 
pound of exhaust steam per hour) -r 25, and the total radia- 
tion that can be supplied is 

Total B. t u. available per lb. of exhaust steam per hr. 

Rw = (74) 

8.33 X 25 

which for average practice reduces to 

850 

Rw = = 4 square feet approx. (75) 

208 

Applying formula 74 for the Ave hour period when the 
exhaust steam is maximum gives Rv> = 37825000 -H 208 = 
181851 square feet. It is not safe to figure on the peak load 
conditions. It is better to assume that for half the time, 
35000 pounds of steam are available and will heat 35000 
X 4 = 140000 square feet of radiation. 

152. The Amount of CIronlatlngr Water Passed throngrh 
the Heater Necessary to Condense One Pound of Exhaust 
Steam Is 

^ Total B. t. u. available per lb. of exhaust steam per hr. 

TF. = 1 (76) 

25 

With the value given above for the exhaust steam this 
becomes, for 100 and 85 per cent, respectively, 

1000 

Ww = = 40 pounds (77) 

25 

850 

Ww = = 34 pounds (78) 

25 

1S3. Amount of Hot W nter Radiation In the District 
tluit can be Heated by One Horse-Poi/«'er of Exhaust Steam 
itom a Non«Condenslnsr Ensrine on a Zero Oay\^ 

Jtm = 4 X (pounds of steam per H. P. \vowx^ V!W> 
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This reduces far the various types of engines, as follows: 

Simple high speed 4 X 34 = 136 square feet 

medium " 4 X 30 = 120 

Corliss 4 X 26 = 104 

Compound high " 4X26 = 104 

" medium" 4 X 25 = 100 

" Corliss 4 X 22 = 88 

154. Amount of RadlatloB that can be Supplied by Ex< 
haust Steam In Formulas 74 and 75 at any otber Tempe^ 
atnre of the Water, ^^, than that Stated, with the Roon 
Temperature, t\ Remaining: the Samet — The amount of heat 
passing through one square foot of the radiator to the room 
is in proportion to tw — f. In formulas 74 and 75, tw — f^ 
100. Now if tw be increased x degrees, so that tw — P ^ 
(100 + d?) then each square foot of radiation in the buildins 

100 + a? 

will give ofiC times more heat than before ano 

100 

each pound of exhaust steam will supply only 

4 X 100 

Rw = square feet (80) 

100 + Of 

This for an increase of 30 degrees, which is probably a max* 

imum, is 

4 

R„ = = 3 square feet (81) 

1.3 

Compared with formula 75, formula 80 shows, with a hi^l 
temperature of the water entering the radiator, that less 
radiation is necessary to heat any one room aiKi tliat each 
square foot of surface becomes more nearly the value of a" 
equal amount of steam heating surface. Calculations for 
radiation, however, are seldom made from high tempera- 
tures of the water, and this article should be considered an 
exceptional case. 

155. Exhaust Steam Condenser (Reheater), for Reheat' 
Ingr the Circulatlngr Watert — In the layout of any plafft 
the reheaters should be located close to the circulating 
pumps on the high pressure side. They are usually of 
the surface condenser type. Fig. 116, and may or may not be 
installed. in duplicate. Of the two types shown in the fig- 
ure, the water tube type is probably the more conunon. The 
same principles hold for each in design. In ordinary heatew 

for feed water service, wrougYvt Vtou tvxXi^a ^il^."*^ lo 2 Inche* 
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diameter are generally used, but for condmscr work and 
where a rapid heat transmission is dt-slred, brass or copper 
tubes are used, having: diameters of % to 1 inch. In hc.it inj? 
the circulating water for district sorvico, the nheatrr is 
doing very much the same work as if used on the condens- 
ing system for engines or turbines. TIkj cliief difference is 
in the pressures carried on the steam .side, tlu' relieat»-r con- 
densing the steam near atmosplieric pressure and the con- 
denser carrying about .9 of a perfect vacuum. In eltlier case 
it should be piped on the water side for water inlet and out- 
let, while the steam side should be connected to the exliaust 
line from the engines and pumps, and should have proper 
drip connection to draw the water of condensation ofT to a 
condenser pump. This condenser pump usually delivers the 
Water of condensation to a storage tank for use as boile-r 
feed, or for use in making up the supply in the heating sys- 
tem. 

In determining the details of the condenser the following 
inipartant points should be investigated: the amount of 
heating surface in the tubes, the size of the water inlet and 
outlet, the size of the pipe for the steam connection, the size 
of the pipe for the water of condensation and tlie lengtli 
and cross section of the heater. 

156. Amount of Heating Surface In the Reheater Tubes t 
—The general formula for calculating the heating surface in 
the tubes of a reheater (assuming all heating surface on 
tubes only). Is 

>, Total B. t. u. given up by the exhaust steam per hr. 

Bt = . (82) 

K (Temp. dift. between Inside and outside of tubes) 

"^^he maximum heat given off from one pound of exhaust 
steam in condensing at atmospheric pressure is 1000 B. t. u., 
the average temperature difference Is a,ppTO"x\TcvaA.%V3 ^Tl 
degrees, and K may be taken 427 B. t. u. p^x ^%^t^^ ^W 
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ference per hour. In determlningr K, it is not an easy mat 

ter to obtain a value that will be true for average practia 

Carpenter's H. & V. B. Art. 47 quotes the above figrure f* 

tests upon clean tubes, and volumes of water less th^^i 

1000 pounds per square foot of heating: surface per hov^^r. 

It is found, however, that the average heater or condenser 

tube with its lime and mud deposit will reduce the eflficier^ey 

as low as 40 1;o 50 per cent, of the maximum trans missLoo. 

Assume this value to be 45 per cent.; then if W$ is ^he 

number of pounds available exhaust steam, formula 82 

becomes 

1000 W» 1000 W$ 1000 W$ W» 

Rt = = = = (83) 

K iU—tw) 427 X .45 X 47 9031 9.1 

In "Steam Engine Design," by Whitham, page 283, the i 
following formula is given for surface condensers used on 
shipboard: 

W L 

8 = : 

cK (ri - t) 

where 8 = tube surface, W = total pounds of exhaust steam 
to be condensed per hour, L = latent heat of saturated steam 
at a temperature Tu K = theoretical transmission of B. t u. 
per hour through one square foot of surface per degree dif- 
ference of temperature = 556.8 for brass, c = efficiency of 
the condensing surface = .323 (quoted from Isherwood), Ti ^ 
temperature of saturated steam in the condensers, and * ^ 
average temperature of the circulating water. 

With L = 969.7, c = .323, K = 556.8 and Ti — < = 47, we 
may state the formula in terms of our text as 

969.7 W, 969.7 W, W» 

Rt = = = (84) 

.323 X 556.8 X 47 8446 8.7 

In SutclifCe "Steam Power and Mill Work," page 512, the 
author states that condenser tubes in good condition and set 
in the ordinary way have a condensing power equivalent to 
13000 B. t. u. per square foot per hour, when the condensing 
water is supplied at 60 degrees and rises to 95 degrees at dis- 
charge, although the author gives his opinion that a trans- 
mission of 10000 B. t. u. per square foot per hour is all that 
should be expected. This checks closely with formula 83i 
which gives the rate of transtuisaioiv ^Q^\^. X., m. ^^t ^^\\i&re 
foot per hour. 
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The followingr empirical formula for the amount of heat- 
ing surface in a heater is sometimes used: 

Rt = .0944 W» (85) 

where 'the terms are the same as before. 

Application. — Let the total amount of exhaust ateam avail- 
able for heating: the circulatlngr water be 35000 pounds per 
hour, the pressure of the steam in the condenser be atmos- 
pheric and the water of condensation bo returned at 180'; 
also, let the circulating: water enter at 155° and be heated to 
180'. These values are £:ood averapo conditions. The as- 
sumption that the pressure within the condenser is atmos- 
pheric mig:ht not be fulfilled in every case, but can be ap- 
proached very closely. From these assumptions find the 
square feet of surface in the tubes. 

35000 

Formula 83, Rt = = 3846 sq. ft 

9.1 

35000 

Formula 84, Rt = r- = 4023 sq. ft. 

8.7 

Formula 85, Rt = 35000 X .0944 = 3304 sq. ft. 

1000 X35000 

iSutclifte Rt = = 3500 sq. ft. 

10000 

If 3846 square feet be the accepted value it will call for 
three heaters having: 1282 square feet of tube surface each. 

157. Amonnt of Reheater Tube Surface per Engine 
Ror«e-Po^vert — ^Let «?« be the pounds of steam used per 
^- S. P. of the engrine; then from formula 83 

tr« 

Rt (per /. H. P.) = (86) 

9.1 

This reduces for the various types of engines as follows: 

Simple high speed 34 -r- 9.1 = 3.74 square feet 

" medium " 30 -r 9.1 = 3.30 

" Corliss 26 -5- 9.1 = 2.86 

Compound high " 26 -5- 9.1 = 2.86 

" medium " 25 -i- 9.1 = 2.75 

•• Corliss 22 •^ 9.1 = 2.42 

158. Amoiuftt of Hot Water Radiation In the District 
^^tt cam be Snpplied by One Square Foot of Reheater Tube 
^•rtacei — If the transmission through one squa-T^ 1«2>^\, <2k\ 
*«be Burface be K (t» — tw) = 9031 B. t. u. ^ex Yvomt ajtv^ xXv^ 
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amount of heat needed per square foot of radiation per 
liuur = 8.33 X 25 = 208, as given in formula^74, then 

9031 

Rw (per sq. ft. of tube surface) = = 43.4 sq. ft (S7) 

208 

ISO. Some Important Reheater Detallai — Inlet and outkt 
pipcH. — Ilavlngr three heaters in the plant. It seems rea- 
sonablo tliat each heater should be prepared for at least one- 
third of the water credited to the exhaust steam. From 
Art. 151 this is 140000 -r- 3 = 46667 gallons = 10800000 cubic 
inclicH per liour. The velocity of the water entering and 
leaving thti heater may vary a great deal, but good values 
for calculations may be taken between 5 and 7 feet per 
Hccond. AsHuming the first value given, we have the area 
of the pipe = 10800000 -r- (5 X 12 X 3600) = 50 square inches, 
untl the diameter 8 inches. 

The hIzc of the rcheatcr shell. — Concerning the velocity 
of the water in the reheater itself, there may be differences 
of opinion; 100 feet per minute will be a good value to use 
unleHH this value makes the length of the tube too great for 
its diameter. If this is the case the tube will bend from 
expansion and from its own weight. At this velocity the 
free cross sectional area of the tubes, assuming the water 
to pass through the tubes as in Fig. 116, will be 150 square 
Indies. If the tubes be taken % inch outside diameter, 
with a thickness of 17 B. W. G., and arranged as usual in 
such work, it will require about 475 tubes and a shell diam- 
eter of approximately 30 inches. If the inner surface of the 
tube be taken as a measurement of the heating surface and 
the total surface be 1282 square feet, the length of the re- 
heater tubes will be approximately 16 feet. 

The ratio of the length of the tube to the diameter is, 
in this case, 256, about twice as much as the maximum ratio 
used by some manufacturers. It will be better, therefore, 
to increase the number of tubes and decrease the length. 
With a velocity of the water at 50 feet per minute, the 
values will be approximately as follows: free cross sec- 
tional area of the tubes, 300 square inches; number of tubes, 
950; diameter of shell, 40 inches; length of tubes, 8 feet 
These values check fairly well and could be used. 

The size of exhaust steam connection. — To calculate this, use 
tAe formula 

A = ^ VW 
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where Q* = volume of steam in cubic feet per minute, T = 
velocity in feet per minute, and A = area of pipe in square 
inches. When applied to the reheater using 35000 pounds 
of steam per hour, at 26 cubic feet per pound and at a veloc- 
ity througrh the exhaust pipe of 6000 feet per minute, it g^lves 

144 X 35000 X 26 

A = = 360 sq. In = 22 in. dia. 

60 X 6000 

Try also, from Carpenter's H. & V. B., page 284 



1.23 (89) 

Allowing 30 pounds of steam per //. P. hour for non-condens- 
ing engines we "have 35000 -j- 30 = 1166 horse-power; then 
applying the above we obtain d = 16 inches. Comparing 
the two formulas, 88 and 89, the first will probably admit of 
a more general application. The velocity 6000 for exhaust 
steam may be Increased to 8000 for very large pipes and 
should be reduced to 4000 for smiall pipes. In the above 
applications a 20 inch pipe will suffice. 

The return pipe for condensation. — The diameter of the pipe 
leading to the condenser pump will naturally be taken from 
the catalog size of the pump installed. This pump would 
be selected from capacities as guaranteed by the respective 
manufacturers and should easily be capable of handling the 
amount of water that is condensed per hour. 

The value of a high pressure steam connection. — If desired, 
the reheater may also be provided with a high pressure 
steam connection, to be used when the exhaust steam is not 
«ufflcient. This steam is then used through a pressure-re- 
ducing valve which admits the steam at pressures varying 
^rom atmospheric to 5 pounds gage. There is some question 
concerning the advisability of doing this. Some prefer to 
install a high pressure steam heater, as in Art. 160, to be 
"^ed independently of the exhaust steam heaters. This 
i*emoves all possibility of having excessive back pressure 
On the engine piston, as is sometimes the case where high 
Pressure steam is admitted with the exhaust steam. 

It has been the experience of some who have operated 
*uch plants 'that where more heat is needed than can be 
Supplied by the exhaust steam, it is better to resort to Ivea-t.- 
*iig boilers and economizers, than to use ■h\sYv ^x^a^uxfe ^V^^^kv 
'or hea tifl^. 
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I«a BlBh PreMnre Steam BeBteri — When thta healer Ii 
sed M la located above the boiler bo that all the oondensi- 
on freely dralna bacli to the bollera by gravity as in Fig. 
17. In calculating the tube surface, uae formula 8! wltb 




181. Ctrcnlallns PnmpBi — Two types of pompB «' 
general use; centrifugal and reciprocating. Each tjp« " 
somewhat limited In Its operation. The centrifugal P""* 
has dlfflcuHy In operating agatnat high heads and the recip- 
rocating pump Is very noisy when running at a high pl"l" 
speed. Since each type la In sucoeBSful operation In msnT 
plants, no comparlaons will be made between them furtbff 
than to say that the former, being operated by a Bteam '"' 
glne, may be run more economically than the latter bewW 
of the iiosslbllltles ol using ^he a\,ea.m ei-9a.T«\ife\^. It "1" 
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e noted, however, that this same steam is to be used in the 
xhaust steam heaters for warmingr the circulating water 
nd hence there would be little, if any, direct loss from this 
ource in the use of the reciprocating: pump. 

Having given the maximum amount of water to be 
:irculated per hour, consult trade catalogs and select the 
lumber of pumps and the size of each pump to be installed. 
Che sizes of the pumps oan easily be determined when the 
lumber of them has been decided upon. This latter point 
s one upon which a difference of opinion will probably be 
'ound. No exact rule can be applied. In a plant of, say 
lot more than 150000 square feet of radiation (150000 gal- 
ons of water per hour, or 3 million gallons for twenty-four 
lours), some designers would put in three pumps, each 
laving 1.5 million gallons capacity; in which case one pump 
2ould be cut out for repairs and the other two would be 
ible to care for the service temporarily. Other designers 
^ould use four pumps at about one million gallons each. 
The fewer the pumps installed, in any case, the greater 
should be the capacity of each. The following values will 
l>e found fairly satisfactory: 

I Pump. Cap. = (1 to 1.25) times max. requirem't of system 
J Pumps. " (each) = .75 
J Pumps. " " = .5 

* Pumps. " " = .3 



i« i« <« «« 



Having given the capacity of each pump in gallons of 
Water per minute, the size, the horse-power and the steam 
consumption of each pump can be calculated. In obtaining 
the size of the pump it will be necessary to know the speedy 
^t of the piston in feet per minute, the strokes, N, per minute 
*nd the per cent, of slip, s (100 per cent. — 8, where 8 = hy- 
draulic eflBlciency). The speed varies between 100, for small 
pumps, and 75, for large pumps. The strokes vary between 
200, for small pumps, and 40, for large pumps, and the slip 
Varies between 5 and 40 per cent., depending upon the fit of 
the piston and the valves. In pumps that have been in serv- 
ice for some time the slip will probably average 20 per cent. 

The cross sectional area of the water cylinder in square 
inches is 

cubic inches pumped per minute 

W. C. A, - (90) 

8 X V X IZ 



i 
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from which we may obtain the diameter of the water cyl- 
inder. 

The steam cylinder area is usually figrured as a certain 
ratio 'to that of the water cylinder area, as 

8. C. A. = (1.5 to 2.5) X W. C. A. (91) 

from which we may obtain the diameter of the steam cylin- 
der. 

The leng-th of the stroke, L, In inches, may be obtained 
from the speed and the number of strokes such that 

12 V 
L = (92) 

N 

All direct acting steam pumps are desigrnated by diam- 
eter of steam cylinder X diameter of water cylinder X length 
of stroke, as 

14" X 12" X 18" 

Duplex pumps have twice the capacity of single pumps 
having the same sized cylinders. 

To find the indicated horse-power, /. H. P., of the pumps, 
reduce the pressure head, p, in pounds per square inch, to 
pressure head in feet, h; multiply this by the pounds of 
water, W, pumped per minute and divide the product hy 
33000 times the mechanical efficiency, E. 

/. n. p. = (93) 

33000 E 

To reduce from pressure head in pounds to pressure 
head in feet, divide the pressure head in pounds by weight 
of a column of water one square inch in area and one fool 
high. The general equation for this is 

144 p 



to 

where w ■= the weight of a cubic foot of water at the given 
temperature and p = differential pressure in pounds P^' 
square inch. 

In pump service of this kind the pressure head, P< 

against which the pump is acting, is not the result of tb« 

static head of water in the system but is due to the inertii 

of the water and to the reslslaivce \.o \.\v^ ^^i"?! <it watei 
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through the piping: syatem and the heaters. This frictional 
resistance may be calculated as shown in Art. 147. Read 
this part of the work over carefully. 

For an Illustration of combined pressure head, p, and 
friction head, hf, see Art. 164 on boiler feed pumps. Having 
found the /. II. P. of any pump, multiply It by the steam con- 
sumption per /. H. P. hour and the result will bo the steam 
consumption of the pump. This exhaust steam will bo con- 
sidered a part of the general supply wlion figuring the size 
of the exhaust steam heaters In tlio system. 

The mechanical efficiency, E, of piston pumps depends 
upon the condition of the valves and upon tlie speeil, and 
varies from 90 per cent, in new pumps, to 50 p<»r cent, in 
PUHDps that are badly worn. A fair average would be 70 

per cent. 

The steam consumption for reciprocating, simple and 
duplex non-condensing pumps would approximate 100 to 
200 pounds of steam per /. //. P. hour — the greater values re- 
fwring to the slower speeds. 

162. Centrlfuiral Pnmpat — Centrifugal pumps are of 
two classifications, the Volute and the Turbine. The prin- 
ciples upon which each operate are very similar. The ro- 
tating impeller, or rotor, with curved blades draws the 
Water in at the center of the pump and delivers it from the 
circumference. The rotor is enclosed by a cast iron case- 
ment which is shaped more or less to fit the curvature of 
the edges of the blades on the rotor. Centrifugal pumps 
*ife used where large volumes of water are required at low 
heads. They are used in city water supply systems, in cen- 
tral station heating systems, in condenser iservice, in irri- 
gation work and in many other places where the pressure 
head operated against is not excessive. The eflficiency of 
the average centrifugal pump is from 65 to 80 per cent., 
''S per cent, being not uncommon. In places where such 
Pumps are used the head is usually below 75 feet, although 
some types, when direct connected to high speed motors, 
are capable of operating against heads of several hundred 
teet 

Some of the advantages of centrifugal pumps over hor- 
izontal ireciprocating pumps are: low first cost, simplicity, 
'ew movinsT parts, compactness, uniform ft.o'w «k.xv^ v'c^^'&NV't'i 
of water, freedom from shock, posslblUUes ot ^Vx^cX. Q,<:>wTv<5i^- 



248 HEATING AND VENTIIxA.TION 

tion to high speed motors and the ability to handle dirty 
water without Injuring the pump. 

One of the advantages of piston pumps over centrifugal 
pumps is the fact that they are more positive in their 
operation and work against higher heads. 

Centrifugal pumps, when connected to engine and tur- 
bine drives, benefit by the expansion of the steam and are 
much more economical than the direct acting piston pump, 
which takes steam at full pressure for nearly the entire 
stroke. The amount of steam used in the pumps in central 
station work, however, is not a serious factor, since all of 
the heat in the steam that is not used in propelling the 
water through the mains is used in -the heaters to increase 
the temperature of the water. 

The sphere of usefulness of the centrifugal pump In 
central station heating is increasing. The direct acting 
piston pump, when operating at fairly high speeds, causes 
hammering and pounding in 'the transmission lines, and 
these noises are sometimes conveyed to the residences and 
become annoying to the occupants. This feature is not so 
noticeable in the operation of the centrifugal pump. 

Application. — In Art. 145 assume the capacity of the plant, 
10 business squares and 21 residence squares, to require 
184500 gallons of water per hour; the same to be pumped 
against a pressure head, Art. 147, of 50 — 5 pounds, by 
horizontal, direct acting piston pumps. Assume also the 
steam consumption of 'the pumps to be 100 pounds per /. H. P. 
hour and the average temperature of the water at the 
pumps to be (180 + 155) -r- 2 = 167.5 degrees. Apply for- 
mula 93, where h = calculated total friction head for the 
longest line in the system (this is designated by hf in Art 
147), or where p = total difCerence between the incoming 
and the outgoing pressures. With the weight of a cubic 
foot of water at 167.5 degrees = 60.87 pounds and with 
p = 45, we have h = 106.5 feet, and the indicated horse-power 
of the pumps, assuming 65 per cent, mechanical efficiency, is 

184500 X 8.33 X 106.5 

/. H, P. = = 127.2 

33000 X.65 X 60 

From .this the steam consumption will probably be 12720 
pounds pe<r hour. 

Jt centrifugal pumps were selected, the horse-power 
would be calculated trpm «tV\^ »ame toTmw\a.» >tt\x\. \.\sa ateao 
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consumption would probably be 30 to 40 pounds of steam 
per horse-power hour because of the expansive working of 
the steam. 

193. City 'Water Supply PnmpMt — Horizontal, direct act- 
ing duplex pumps for use on city water supply service are 
the same as those used to circulate the water In heating 
systems; hence, the foregoing descriptions apply here. The 
/. H. P. of the city water supply pumps would bo calculated 
by use of formula 93. If the pumps lifted the water from 
the wells, as would probably be the case, the suction pres- 
sure would be negative and would be added to the force 
pressure. 

Application. — Assume the pressure In the fresh water 
mains 60 pounds and the suction pressure 10 pounds; 
therefore, p = 60 — ( — 10) = 70 pounds, and with the water 
at 65 degrees, h = 144 X 70 -r- 62.5 = 161 feet. These pumps 
are each rated at 1.5 million gallons in 24 hours, and deliver 
62500 X 8.33 = 520833 pounds of water per hour, when run- 
ning at full capacity. Assuming each pump to deliver 75 per 
cent of the full requirement of the system, the total amount 
of water pumped per hour for the city water supply would 
approximate 520833 -i- .75 = 694444 pounds, and the total 
average horse-power used in pumping the water would be 

694444 X161 

/. H, P, = = 86.8 

60 X 33000 X.65 

With 100 pounds of steam per horse-power hour, this would 
amount to 8680 pounds of s-team available per hour for use 
In heating the circulating water. 

164. Boiler Feed PnmpMi — Horizontal pumps for high 
pressure boiler feeding are selected in a simil-ar way to the 
circulating pumps for the city water supply. Such units 
are called auxiliary s-team units and, because the steam re- 
quired is small, they are sometimes piped to a feed water 
heater for heating the boiler feed. The velocity of the water 
through the suction pipe is about 200 feet per minute and 
In the delivery pipe about 300 feet per minute. The piston 
speed, the strokes per minute and the slip would be very 
Jnuch the saimc as stated under circulating pumps. Such 
Pumps should have a pumping capacity about "twice as great 
W the actual boiler requirements, -and in sitvaW ^\«ltv\-^ -^^x^^^s. 
^ly one pump is needed, the InstaUaUon a)a.oM\^ '^^ Va. 
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duplicate. The sizes of the cylinders and the efficiencies e 
about as stated for the larger circulatingr pumps. 

In determining the horse-power of a boiler feed pun 
four resistances must be overcome; 1. e., pressure head, 
or boiler pressure; suction head, ha; delivery head, hd; a 
the friction head, hf. The first three values are usua 
given. The friction head includes the resistances In all p 
ing, ells and valves from the supply to the boiler. The fr 
tion in the piping may be taken from Table 37, Appendix, 
it may be worked out by formula 70. The friction in the e 
and valves is more difficult to determine ahd is usually stat 
in equivalent length of straight pipe of the same diamet 
A rough rule used by some In such cases is as follow 
"to the length of the given pipe, add 60 times the nomii 
diameter of the pipe for each ell, and 90 times the diame 
for each globe valve," then find the friction head as sta 
above. A straight flow gate or water valve could safely 
taken as an ell. For simplicity of calculation, all of ' 
above resistances may be reduced to an equivalent he 
such that 

144 p 

ht = \- hd -\- ha -\- hf ( 

w 

where to = weight of one cubic foot of water at the s 

tion temperature, to may be obtained from Table 8, . 

pendix, and hf may be taken from Table 37. The horse-poi 

by formula 93 then becomes, if W = pounds of water pum; 

peT minute, 

W Xhe 

I. H, P. = ( 

33000^ 

Application. — Let p = 125 pounds gage, w = 62.5, hi - 
feet, h, = 20 feet, horizontal run 'Of pipe from supply 
pump =± 20 feet, horizontal run of pipe from pump to bo 
= 30 feet; also, let the pump supply 89000 pounds of wfi 
per hour to the boiler. This is twice the capacity of 
boiler plant. With this amount of water at the usual ve! 
ity it will give a suction pipe of 4.5 Inches diameter, an 
flow pipe of 4 inches diameter. Let there be two ells i 
one gate valve on .the suction pipe, and three ells, one gl 
valve and one check valve on the delivery pipe. We tl 
have an equivalent of 107 feet of suction pipe, and 158 i 
of delivery pipe. Referring to Table 37, hf is »ppr( 
mately 7 feet, and the total head Vs 
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144 X 125 

>• = + 8 + 20 + 7 = 323 feet 

62.5 

In most boiler feed pumps It is considered unnecessary 
to determine Ar so carefully. A very satisfactory way is to 
3btain the total head pumped against, exclusive of the 
friction head, and add to -it 5 to 15 per C(?nt.. depending 
upon the complications In the circuit. Substituting th* 
above in formula 95, we obtain 

89000 X 323 

/. U. P, = = 22.3 

60 X 33000 X .65 

Work out the value of hf by formula 70 and see how 
nearly it checks with the above.. 

165. Bollerat — A number of boilers will necessarily be 
Installed in a plant of th'n kind, and a good arrangement is 
to have them so piped with water and steam headers that 
any number of the boilers may be used for steaming pur- 
poses and the rest as water heaters. They should also be so 
arranged that any of the boilers may be thrown out of 
service for cleaning or repairs and still carry on the work 
of the plant. By doing this the boiler plant becomes very 
flexible and each boiler Is an independent unit. Any good 
water tube boiler would serve the purpose, both as a steam- 
ing and as a heating boiler. Where the boilers are used as 
heaters, the water should ente.r at the bottom and come out 
It the top. Where the water enters at the top and comes 
!>ut at the bottom, the excessive heating of the front row of 
tubes retards the circulation of the wate^r by 'this heat, and 
produces a rapid circulation through the roar tubes where the 
iieat is the least This rapid circulation in the rear tubes is 
not a detriment, but it is less needed there than in the front 
>ne8. It would be decidedly better if the rapid circulation were 
n the front row, causing the heat from the fire to be carried 
)fl more readily, and by this means giving less danger of 
Jurning the tubes. In the latter case the forced circulation 
•rem the pumps will be aided by the natural circulation 
'.Torn the heat of the fire, and the life of all the tubes then 
becomes more uniform. Fig. 118 shows a typical header 
iirangement. 

Boilers are usually classified as fire tube and water tube. 
^ire tube Indlera are usually of the mult\tub\i\^T X.-^^^, \\^n\xv<^ 
1)0 Sue ffoses passing through the tuloea autv^ -^^X.^^ ^^"^^ 
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rounding them. Water tube boilers have the water p 
through 'the tubes and the flue gases surrounding 
The Tieating surface of a boiler is composed of those 
plates having the heated flue gases on one side and the 
on the other. A boiler horse-power may be taken as f( 

Centennial Hating. 

One B. B, P, = 30 pounds of water evaporated fro 
water at 100* F. to steam at 70 pounds gage pressur 

A. S. M. E. Rating. 

One B. H, P, = 34.5 pounds of water evaporatec 
and at 212° F. 

In laying out a boiler plant some good approxin 
for the essential details are: 

One B. H. P. = 11.5 square feet of heating surface 

(multitubular type). 
One B. H. P. = 10 square feet of heating surface 

(water tube type). 
One B, H, P. = .33 square foot of grate surface 

(small plant, say one boiler). 
One B. H. P. = .25 square foot of grate surface 

(medium sized plant, say 500 H. P.). 
One B. H, P. = .20 square foot of grate surface 

(large plants). 
Pounds of water evaporated per square foot of 1 
surface per hour = 3 (approx. va-lue). 

166. Square Feet of Hot llVater Radiation that 
Supplied on a Zero Day by One Boiler Home-Poorer wl 
Boiler iM Used as a Heater t — ^Assuming that the coal ^ 
the plant has a heating value of 13000 B. t. u. per 
and that the efficiency of the boiler is 60 per cent 
pound of coal will tTansmit to the water 7800 B. t. u. 
each pound of water takes up 25 B. t. u. on its f 
through the heating boiler, one pound of ooal will h' 
pounds, or 37.5 gallons <of water. This is equival 
supplying heat, under extreme conditions of heat 1 
37.5 square feet of radiation for one hour. One boiler 
power, according to Art. 165, is equivalent to the «: 
ture of 969.7 X 34.5 = 33455 B. t. u. Now since each 
of coal -transfers to the water 7800 B. t. u., one boiler 
power will require 33455 -r- 7800 = 4.28 pounds of cc 
tl>eii, the burning of one pound of coal will supp 
fgaare feet ot hot water ra^VaUoxv t^x ^xia \wi\a» qtl< 
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horse-power will supply 4.28 X 37.5 = 160 square feet for one 
bour, and a 100 H. P. boiler will supply 16000 square feet 
of water radiation in tlie distriot for tlie same time. These 
figures have reference to boilers undor good working con- 
ditions and probably give average results. 

187. Square Feet of Hot Water Radiation In the DUfrlct 
that can be Supplied on a Zero Day by an Koonomlser Lo- 
eated In the Stack Gaaea between the Bollern and the Chlm- 

Beyi — In order to make this estimate it in nrct'ssary lirst to 
know the horse-power of the boihTs, tho amount of coal 
burned per hour, the pounds of gases passing through the 
furnace per hour and the heat given off from 'these gases 
to the circulating water through the 'tubes. 

Application. — Let C = pounds of coal burnod per hour = 
boiler horse-power X pounds of coal per boiler horse-power 
hour, Wa = pounds of air passed through the furnace per 
pound of fuel burned, « = specific heat of the gases, tb = tem- 
perature of gases leaving boiler, ts = temperature of gases 
leaving economizer, tw = temperature of water entering 
Monomizer and tt = temperature of water leaving the econo- 
mizer. Then, if 8.33 pounds of water will supply one square 
foot of radiation for one hour we have 

»X (CXTT. + C) X (ffc — /.) 

Rw = (96) 

8.33 X itt^tw) 

From a previous statement, 44500 pounds of steam per 
hour are generated In the steam boiler plant at a pressure 
of 125 pounds gage. To find the lK)iler horse-power let the 
total heat of the steam, above 32° at 125 pounds gage, be 
1191.8 B. -t. u., and let the temperature of the incoming feed 
^witer to the boilers be 60 degrees. (In most cases the feed 
water will be at a higher temperature, but since it will occa- 
sionally be as low as 60 degrees, this value will be a fair 
one.) The heat put into a pound of steam under these con- 
ditions is 1191.8 — (60 — 32) = 1163.8 B. t. u., and in 44500 
pounds it will be 51789100 B. t. u. Since one horse-ipowor of 
boiler service is equivalent to 33455 B. t. u., we will need 
61789100 -!- 33455 = 1548 boiler horse-power. This horse- 
Power will take care of all the engines and pumps im the 
Ptemt If the co«fl used contains 13000 B. t. u. per pound 
fl-nd the boilers have 60 per cent, efficiency, then 7800 B. t« u. 
Mil be given to the water per pound, ol t\3ie\ \i>xtTv^^» ^.xA. 
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the amount of coal burned per hour will be 51789100 -r- 
= 6640 pounds. This gives 6640 -j- 1548 = 4.3 pounds of 
per boiler horse-power hour, and 6.7 pounds of water e 
orated per pound of fuel. If the flue gases have 12 per 
(X>2, there are used according to expenimental data, a 
21 pounds of air or 22 pounds of the gases of combus 
per pound of fuel burned. This is equivalent to 6640 
= 146080 pounds of flue gases total. Suppose now that i 
gases leave the furnace for the chimney at a tempen 
of 550 degrees F., that the economizer drops the temj 
ture of the gases down to 350 degrees (a condition whi 
very reasonable) and that the specific heat of the gas 
about .22, we have 146080 X .22 X (550 — 350) = 641 
B. t. u. given oft from the gases per hour in passing thr 
the economizer (see numerator in formula 96). This 
is taken up by the circulating water in passing througl 
economizer toward the outgoing main. Now if the yi 
as it returns from the circulating system, enters the e( 
mizer at 155 degrees, and leaves at 180 degrees, we will 
6427520 -r- (180 — 155) = 257100 pounds of water heate( 
hour. This Is equivalent to supplying 257100 -r- 8.33 = 
square feet of radiation per hour when the plant is rur 
at its peak load. Taking the "pounds of steam per hou 
the above as the only variable quantity, we are fairly 
in saying that the fieat in the chimney gases from one h 
power of steaming boiler service will supply, throug 
economizer, 30864 -t- 1548 = 20 square feet of radiation i 
district. In plants where only 7 pounds of water are all 
to each square foot of radiation per hour, -this becomes 
square feet of radiation instead. 

168. Square Feet of Economlser Surface Requlri 
Heat the Circulating Water in Art. 1671 — ^Let K = the c 
cient of heat transmission through clean cast iron tubei 
E = the efficiency of the tube surface when in average 
ice, also let the terms for the temperatures of the i 
and the circulating water be as given in Art. 167, then 

Heat trans, per hour from gases to water 

Be = 

lb + '« tf •{• tv 

KXEX ' 



(lb -i-ta tf -i-tw \ 

2 2 / 



Thi«s formula assumes that the rate of heat flow thr 

the tubes is the same at all points. As a matter of fad 

rat^ changes slightly as the y^^X^x Xje^iQia^^ Y^Q9.ted, 
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the error is not worth mentioning in such a formnla, wlurr 

the efficiency of tlie surface may be anytliinK from 1*mi per 

cent, in new tubes, to as low as 30 or 40 per cent, fur old 

ones. 

Application. — Lot /C = 7 and K = .4, then 

6427r,20 
Rt = :- 8125 .«a. ft. 

550 + a50 ISO f- ir>r) 

7 X.4 X ■ 



/ 550 + 350 ISO f l.>.) \ 



With 12 square feet of surface i>«r tiMx* Ihls Kivcs 077 tubes. 

169. Square Feet of Eoonomlser Hurtnve to lONtnll %«-heii 
the Economiser In to be Used to Ilent the Feed Water for 
the SteanUuK Bollerat — If 30 poun-ds of fo-d wat<-r arc fi-d 
to the boiler per ihorse-power hour, and if K --- 7, /v -- .4, 
<> = 550, ta = 350, tf = 250, and tw = HO (a]>out tin- lowest 
temperature at which water should tntrr th<* t-conornizi.T), 
then the square feet of surface per horse-power i.s 

30 X (250 — 90) 
R$ = =6.1 sq. ft. 

(550 + 350 250 + 1)0 \ 
) 
2 2 / 

170. Total Capaelty of the Boiler riant and the Number 
•f Boilem Installedt — The following discus.S'ion on tlie »slze 
of the boiler plant is purely for illustrxitive purposes and 
is intended to show how such problems may bo analyz<'d. 
Inmost cases the exh'aust steam, and the economizer, if used. 
^iH fall far short of supplying tiie total radiation in the 
district, especially when the electrical output is light and 
the weather is cold. Suppose it be desired to install extra 
boilers to be used €is heaters for the radiation iKd supplied 
^Pom these two sources. To determine tlie amount of (;x- 
tra boilers, find 'the amount of radiation to be supplied by 
the exhaustt steam and the economizer and subtract tliis 
from the total radiation. The difference musit be supplltul 
by boilers used as heaters. It is probably not safe to esil- 
^te too closely on the a;mount of exliaust steam given to 
the heating system. The maximum amount of 4 4500 pounds 
Per hour was obtained, In this case, by pumping one gal- 
lon of water per hour for eacli square foot of radiation and 
by pumping city water, in addition to that obtained from 
the engines. In heating, a less amount of water than this 
^y be circulaite^ even on the coldest day. TMs V^ \>q'&'&V- 
ble, first, because water may be carried at a. \\\s\\ex V«&xcv- 
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perature than that stated, and secand, because there may 
be less loss of heat In the conduit, thus giving more heat per 
gallon of water to the radiation. Again, in estimating for 
a city water supply, the demands are not very constant and 
are difficult to estimate. In this one design it was ithought 
that 44500 pounds per hour was a very liberal allowance 
and could be dropped to 35000 pounds (140000 square feet 
of radiation), when estimating the amount of radiation 
supplied by the exhaust steam. 

By Fig. 113 it will be seen that the minimum load on the 
steaming boilers carries through six hours out of the entire 
twenty-four and that the exhaust steam at this time drops 
to 22890 pounds per hour, supplying 91560 square feet of 
radiation. This minimum load is 51 per cent, of the max- 
imum, and 66 per cent, of the amount taken as an average, 
i. e., 35000. The work done by the economizer is fairly con- 
stant, since the amount of economizer surface lost by the 
steaming boilers under minimum load would be made up 
by the additional heating boilers thrown into service. On 
the basis of 35000 pounds per hour, the exhaust steam and the 
stack gases together would heat 170960 square feet and 
there would be left 13540 square feet (184500 — 20 X 1548 
— 4 X 35000), to be heated by additional boilers. Under 
minimum load this would be approximately 122500, leaving 
62000 square feet to be heated by additional boilers. If one 
boiler horse-power supplies 160 square feet of radiation, 
then it would require 84 and 387 boiler horse-power re- 
spectively to supply the deficiency and the total horse-power 
needed in each case would be 1632 .and 1935. A more satis- 
factory analysis, however, is the following which is worked 
on the basis of 44500 pounds per hour. 

Let W$ = total number of pounds of steam used in the 

plant per hour = approximate number of pounds of exhaust 

steam available for heating the circulating water per hour; 

We = equivalent number of pounds of steam evaporated from 

and at 212°; X = total heat, above 32% in one pound of dry 

steam at the boiler pressure; q' = total heat, above 32', in 

one pound of feed water entering the boiler; then, if the 

latent heat of steam at atmtospheric pressure = 969.7 B. t u., 

we have 

W. (X -r- 9') 

Wt = (98) 

969.7 
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and the corresponding: boiler horse-power needed as steam- 
Idg boilers will be 

B,. II. P. = (99) 

34.5 

Next, the radiation In the district that can be supplied 
by the exhaust steam is Rw = 4 W$, and the amount sup- 
Plied by the economizer is R« = 20 X B. II, P. From which 
We may obtain the capacity of the heating bailers, as 

Total Radiation — 4 TT* — 20 7?. //. P. 

Bw. H. P. = (100) 

160 

The total boiler horse-power of the plant is, therefore, the 
sum of Bs, H. P, and Bw. U. P, To obtain formula 100 for any 
specific case one must consider the maximum and minimum 
<H)naiticns of the etecuming: boiler plant. Let IT. (max) = 
'naximum exhaust 43teAm, and Wt (min) = minimum exhaust 
steam. Then for the two following conditions we have, 
Ca«e 1, uchere the steaming and heating boilers are independent of 
each other, the total boiler horse-power installed = B$. n. P, 
+ [total radiation — i W, (min) — 20 X B. II. P. in use] -r- 
160. Also, Case 2, where a part or all of the steaming boilers are 
piped for both steaming and xoater service, the total boiler horse- 
Power Installed = B», H, P, + [total radiation — 4 Tf * (max) 
--20 X B. //. P. in use] -5- 160. It will be noticed that -the last 
term representing the economizer service is simply stated 
as boiler horse-power and no distinction is made between 
steaming or heating service. This term is difficult ito esti- 
mate to an exact figure because it should be the total horse- 
Power in use at any one time, both steaming and heating, 
and this can only be obtained by approximation. It makes 
^ difference what service the boiler may be used for, the 
^rk of the economizer is practically the same. Probably 
the most satisfactory way is to substitute the value of 
^•« ff. P, for B. H, P. in the economizer and get the approxi- 
mate total horse-power, then if this approximate total horse- 
Power differs very much from that actually needed, other 
trials may be made and new values for the total horse-power 
obtained until the equation is satisfied. 



( 



258 HEATINO AND VBNTILtATION 

Application. — Let W« = pounds of exhaust steam, X = 
1191.8 (125 pounds g&gc pressure), and fl' = 28 (feed water 
at 60'); then when Ws = 44500 

W0 = 53400 

Bs, n. P. = 1548 

184500 — 4 X 22890 — 20 X 1548 

liw. n. P. Case 1 = = S87 

16Q 

184500 — 4 X 44500 — 20 X 1548 

Bw. 11. P. Case 2 = = —153 

160 

This shows that there is an excess of waste heat in Case 2, 
making a total boiler horse-power, Case 1, = 1935 and Case 
2, = 1548. Investigating Case 1 to see what error was intro- 
duced by using 1548 in the economizer, we find approximatel7 
800 horse-power of steam boilers in use, and the total horse- 
power to be 1187, which is about 360 horse-power on the 
unsafe side. Substitute again and check results. Case 2 13 
reasonably close. In any case 'the most economical size of 
boiler plant to install in a plant requiring both steaming and 
heating boilers is one where at least a part. If not all, of the 
boihTs are piped so as to be easily changed from one system 
to the other. By such an arrangement the capacity may b® 
made the smallest possible. After obtaining 'the theoretical 
size of the plant, it would be well to allow a small margin 
in excess so that one or two boilers may be thrown out of 
oommiission for repairs and cleaning without interfering 
with the working of the plant. Case 2 seems to be the better 
arrangement. Assuming 1800 total boiler horse-power we 
might very well put in six 300 H. P. boilers arranged In three 
batteries. 

171. Cost of Heat Ins from a Central Station (Direct 
Firing:) v — It will be of interest in this connectiion to estimate 
approximately the cost in supplying heat by direct firing to 
one square foot of hot water radiation per year from the 
average central station. In doing this make the boiler as- 
sumptions to be the same as Art. 166. Take ooal at 13000 
B. t. u. per pound, 2000 pounds per ton, and a boiler effi- 
ciency of 60 per cent. Water enters the boiler at 166 degrees 
from the returns, and Is deUvexed. lo \.\vei tci^Atv* a.t 180 de- 
grees; From the value ol l\ve oosA e^a a\.«A.^^, 'w^ \w*« 
15600000 B. it. u. per ton given ott lo Vcvfe ^w^«. 'tf^N* 
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equivalent to heatlng^ 624000 pounds, -or 74910 gallc 
water. If one ton of coal costs $2.00 at the plaint, w 

200 -r- 74910 = .0027 cents 

This represents the amount paid to reheat one gal 
water, or to supply one square foot of heatingr surfa 
hiour at an outside temperature of zero degrees. Ta 
averagie temperature for the seven cold months at 
grees. This is the average for the ctfldest year in the 1 
years preceding 1910, as recorded at the U. S. Exp. S 
LaFayette, Indiana. We then have an average difl 
between the inside and the outside temperatures 1 
residence of 70 — 32 = 38. This makes the formi; 
the heat loss. Art. 28, reduce to 38 -J- 70 = .54 of its : 
value. Now, if it takes one gall-on of water per squai 
of radiation per hour under maximum conditions, w< 
for the seven months .54 X 7 X 30 X 24 = 2722 gall 
water needed for each square foot of radiation pel 
heating year. This is equivalent to 2722 X .0027 = 7.3E 
per square foot of radiation for the heating year of 
months. 

When the plant is working under -the bes^t con< 
this figure can be reduced. It can be done with 
of a higher efficiency than that stated, or by using a c 
coal, both of which are possible in many cases. 

172. Cost of Heatingr from a Central Station. Sni 
of Tests: — The following tests were conducted upc 
Merchants Heating and Lighting Plant, LaFayette, Itk 
in 1906 and the other in 1908. The plant was changed i 
ly between the two tests and -the radiation carried up 
lines was much increased, although in all essentia^l fe 
the plant was the «same. The circulating water was 
by exhaust steam heaters and by heating boilers. 

The plant had the following important pieces of a; 
tus employed in generating or absorbing the heat s 

BOILERS (Steaming aind Heating). 

Two 125 H. P. Stirling boilens. Total heating s 
2524 sq. ft. 

Three 250 H. P. Stirling boilers. Total heating s 
7572 sq. ft. 

Pressure on steam boUers Csage), 150 lbs. 
Pressure on heating boUera (,a.ppTOTL.> , ^^ V(^%, 
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ENGINES. 

One 450 F. P. Hamilton Corliss comp. engine, direct con- 
nected to a 300 jr. W. Western Electric 72-pole alternating 
current generator 120 R, P. M, This engine carried the load 
of the plant when it was above 50 K. W., which was generally 
from 5:30 A. M. to 11:30 P. M. When this unit was run, direct 
current was obtained by passing the alternating current 
through a motor generator set. 

One 125 H. P, Westinghouse comp. engine, belted to one 
75 K. W. 3-phase alternating and two direct current gt'nera- 
tors, and run at 312 R. P. M. This unit was generally run 
between 11:30 P.. M. And 5:30 A. M. 

One 250 U, P, Westinghouse comp. engine, bolt connected 
to a 200 jr. W. generator and two smaller machines. 

PUMPS. 

One centrifugal, two-stage pump, Dayton Hydraulic Co., 
direct connected to a Bates vertical high speed engine at 300 
R.P. Jtf. 

Two Smith-Vaile horizontal recip. duplex pumps 14 in. 
X 12 in. X 18 In. Each of the three pumps connected to the 
J'etupn main in such a way as to be able to use any combina- 
tion at any one time to circulate the water. The centrifugal 
pump had been In service only one season. It had a capacity 
about equal to the two reciprocating pumps and under the 
heaviest service this pump and one of the duplex pumps 
were run in parallel. 

One Smith-Vaile horizontal reciprocating tank pump 
• in. X 4 in. X 6 in. to lift the water of condensation from 
the exhaust heater to the tank. 

One Smith-Vaile horizontal reciprocating make-up pump 
Hn. X 4 in. X 6 in. to replace the water that was lost from 
the system. 

Two National horizontal reciprocating boiler feed pumps. 

One 9^ in. Westinghouse air pump, to keep up the sup- 
Ply of air through the conduits to the regulator system in 
the heated buildings. 

One Deane vertical deep well pump, to deliver fresh 
water to the isupply tank. 

One BarafiTwanath exhaust steam \iea\.cT ot cotv^^xi^^'c, 
^y^Dg 1000 sq. ft. of heating surface. 
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PARTIAL SUMMARY OF RBSUL.T& 

1906 

1. Square feet of radiation 118000 

2. Temperature of circulatinfir water in 
degrees F., flow main 158.86 

3. Temperature of circulatingr wtater in 
degrees F., return main 139.9 

4. Temperature of circulating water in 
degrees F., after leaving heater 145.6 

5. Temperature of outside air in de- 
grees F. \.. 32.6 

6. Temperature of stack gases in de- 
grees F., steaming boiler 

7. Temperature of stack gases in de- 
grees F., heating boiler 562. 

8. Draft in stacks (all boiilers averaged) 

in inches of water .689 

9. Heating value of coal in B. t. u. 

per pound 12800 

10. B. t. u. delivered to steaming boiler 

per hour by ooal 18187000 

11. B. t. u. delivered to heating boilers 

per hour by coal 19226000 

12. B. t. u. delivered to circulating water 

by heating boilers per hour 11800000 

13. B. t. u. to be charged to heatdng boil- 
ers (Item 12— Item 15) 7650000 

14. B. t. u. delivered to circulating water 
by exhaust steam from the gener- 
ating engines per hour 3600000 

15. B. t. u. thrown away during test 
from pump exhausts and available 

for heating circulating water 4150000 

16. B. t. u. available for heating circu- 
lating water from all exhaust steam 
as in normal runniing (Item 14 + 

Item 15) 7750000 

17. Total B. t. u. given to circulating 
water per hour (Item 13 -f Item 16). .15400000 

18. Gallons of water pumped per \\omt 

[Item 17 -7- (8,3Z X Items 2 — ^>"\ \^^^^^ 



1908 
150000 

164.4 

139.6 

147. 

87.5 

666.8 

656. 

.595^ 

1156^ 

2583300(^ 

2791700()P» 

15405000^ 

6934000^ 

6602000^ 

847100(^ 



1507300CF 
22007000 
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19. Gallons of waiter pumped per square 
foot of radiation per hour (Item 18 

-rlteml) .85 .70 

20. Efficiency of heating boilers (Item 

12 -T- Item 11) approx .60 .55 

2t Value of the coal in cents per ton of 

2000 pounds at the plant 200. 175. 

22. Average electrical horse-power 68 141 

•Note. — The above values are averages and were taken 
for each entire test. The B. t. u. values were considered 
satisfactory when approximated to the nearest thousand. 

173. Reiralattoni — The regulation of the heat within the 
residences is best controlled from the power plant. In most 
heating plants a schedule is posted at the power house which 
tells the engineer the necessatry temperature of the circu- 
lating water to keep the interior of the residences at 70 
degrees with any given outside temperature. The Merchants 
Heating and Lighting Company mentioned above use the 
following schedule: 

Atmosphere Water Atmosphere Water 

■60 deg. 120 deg. 10 deg. 190 deg. 

50 " 140 " " 200 •• 

40 " 150 " —10 " 210 " 

30 " 160 •• — 20 " 220 " 

20 " 180 ** 

In addition, read the article by Mr. G. E. Chapman, pub- 
lished in the Heating and Ventilating Magazine, August 
1912, page 23, in which he describes the methods used in 
regulating the Oak Park, 111. plant. 

In some heating plants the regulation is by means of air 
carried from the compressor at the power house through a 
n^ain running pcvnallel with the water mains in the conduits 
8^nd hranchdng 'to each building where it is used under a 
pressure of 15 pounds to operate thermostats, which in turn 
control the water inlets to the radiators. A closer regula- 
tion 'Is obtained in the latter system -than In the former, but 
^ ia needless to say that the •thermiostats require careful 
^^justments and frequent inspections. 

Diaphragms or cJiokes having cBifferent sized orifices may 
*>c placed on -the return ma<in from each building to "regulate 
tHe supply. Those buildings nearest to IVv^ -^o^^x v^-a-xvX. 
have the advantage ot a greater d:\fteT eivUaA ^xfe^^x^.^^ "Ccv^w 
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those farther away, hence should have smaller diaphragrms. 
By increasing the resistance in the return line from any 
building: the water circulates more slowly and has time to 
give off more heat to the rooms. W^th a high teonperature 
of the water and a careful adjustment of the diaphragms 
it is possible to have the amount of water circulated per 
square foot of radiation reduced much below one gallon per 
square foot per hour. 

STEAM SYSTEMS. 

174. Heattngr by ateam from a central Ertation, compQ»red 
with hot water heating, is a very sdmple process. The power 
plant equipment is composed of a few inexpensive parts, the 
operation of which is very simple and easily explained. 
These parts have but few points that require rational de- 
eiign. Because of the simplicity and the similarity to the 
preceding discussion on hot water systemis, the work on 
steam systems will be very brief. All questions referring 
to the construction of the conduit, the supporting of the 
pipes, the provision for contraction and expansion, the drain- 
ing of the pipes and conduits, are common to both hot 
w^ater and steam systems and are discussed in Arts. 138 and 
139. A large part of the work referring directly to district 
hot water heating applies with almiost equal force to steam 
heating. This part of the work, therefore, w>lll deal with 
Buch parts of the power plant equipment as differ from 
those of the hot water system. 

Steam heating m/ay be classified under two general 
heads, high pressure and low pressure. A very small part 
of the heating in this country is now dome by what may be 
strictly called hig»h pressure service, 1. e., where radiators or 
coils are under pressures from 30 to 60 pounds gage, and 
this small amount is gradually decreasing. Ordinarily, 
steam is generated at high pressure at the boil-er, 60 poundB 
to 150 pounds gage, and reduced for line ■service to pressures 
varying from to 30 pounds gage, with a -still further re- 
duction at the building to pressures varying from to H 
pounds gage, for use in radiators and ooils. Where exhaust 
eteam is used in the main, the pressure is not permitted W 
go higher than 10 pounds gage, because of the back pres- 
sure on the engine piston. Where exhausrt stee/m kJ not 
used, the pressures may go as high as 30 pounds gage, tbos 
allowing for a greater pressure drop Vn \.\v^\Vti^ ^xA.^eorre' 
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sponding' reduction in pipe sizes. Vacuum retuma may be ap- 
plied to central station work the same as to isolated plants. 

The principles involved in the power plant end of a 
steam heatingr system may be represented by Fig. 119. It 
will be seen that the exhaust steam from the engines or tur- 
bines has four poissible outlets. Passing through the oil 
separator, which removes a large part of the entrained oil, 
part of the exhaust »team is turned into the heater for use in 
heating the boiler feed water. The rest of the steam passes 
on into the heating system. If there be more exhaust steam 
than is necessary to supply the heating system, the balance 
may go to the atmosphere through the back pressure valve. 
When the heating system is not In use, as would be the case 
in the four warm months of the year, the exhaust isteam may 
be passed into the condenser. 



BYPASS AROUND MCATCR 
TO BACKPRES3URC VALVE 



TOHEATER AND 
BACK PRESS VALVE 



^0CG^coc^^3CR 




TOHCATINO 
3Y3TEM 
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3TCAMTRAP 



Live STEAM 
FROM BOILERS 



Fig. 119. 



It is very evident, from what has been said before, that 
it would not be economical to condense the steam in a 
condenser as long as there Is a possibility of using It in the 
heating system. The increased gain in efficiency, when con- 
densing the exhaust steam under vacuum, is very s-mall oom- 
Paired to the giain when this same steam is used for heating 
Purposes. It wiould be also very poor eoanomy to use any 
live steam for heating when there were any exhaust steam 
^««ted. When the amount of exhaust iSiteam is inisufflcient, 
^Ive steam is admiitted through a pressure reducing valve. 

ITBb Drop In Preaaure and the DlameteT ot 1^'^ lA»LVa%^>^» 
The flow of ateam in a pipe follows the saaive s^^^'c^'^ ^"^"^ ^* 
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the flow of water. The loss of head may be represente 
by the well known formula 

hf = (101 

gd 

wfhere hf = loss of head in feet, <f> = coeffldient of- frictior 
V = veloci'ty in feet per seoond, I = length of pipe In feel 
d = diameteiT of the pipe in feet and g = 32.2. Substitutf 
hf = Hi p -^ D, where p = drop in pressure in pounds am 
D = density of the steam, and find ' 



2 (i>lv*D 
liigd 



(102! 



The coefficient of friction is found to Viary wllth the velocit: 
of the steam and with the diameter of the pipe. Prof. Unwii 
found that for velocities of 100 feet per second (good prac 
tice for transmiisslon lines), It could be expressed as follows 
where c is a constant to be found by experiment. 



<t> = c ( 1 + ) 

\ 10 d / 



Iv^Dc / 3 \ 

p = ( 1+ ) (103) 

72 ad \ 10 d / 



which, when substituted in formula 102, gives 

Iv'Dc 

12 gd 

Let W = pounds of steam passing per minute and di = diani- 

eter of pipe in inches, then 

1 / 3.6 \ W^lc ^,. 

p = ( 1+ ) (10^^ 

20.663 V di / di»D 

From this formula we may obtain any one of the three terms 
W, dt or p, if the other two are known. Table 36, Appendix 
was compiled from formula 104 with c = .0027. For discus 
filon, see Trans. A. S. M. E., Vol. XX, page 342, by Prof. B. ^ 
Carpenter. Also Encyclopedia Britannica, VoL XII, page 491 
See also, Kent, page 670, and Carpenter's H. & V. R, page 51 
It will be seen that Table 36 is compiled upon the basl 
of one pound pressure drop, at an average pressure of 10 
pounds absolute in the pipe. Since In any case the dro: 
In pressure is proportional to the square of the pounds o 
steam delivered per minute (other terms renwiining coi 
stant), the amount delivered at any other pressure dro: 
than that given (one pound) -womI^X^^ \^>aij^^\kTr xnultiplyiw 
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the amount given In the table by the square root of the 
desired pressure drop in pounds. A]«o, cilnce the weight of 
steam moved at the same velocity, under any other absolute 
pressure, is approximately proportional to the absolute pres- 
sures (other terms remaining constant), we -have the 
amount of steam moved under the given pressure, found by 
multiplying' the am-ount given to the table by the square 
root of 'the ratiio of the absolute pressures. To Illustrate the 
use of the table — suppose the pressure drop in a 1000 foot 
run of 6 ilnch pipe is 8 ounces, when the average pressure 
within the pipe is 10 pounds gage. The anK>unt of steam 



carried per minute is 93.7 X V.5 -?- V^OO -5- 25 = 33 pounds. 
Or, If the drop Is 4 pounds, at an avenage inside pressure of 
50 pounds gage, the amount carried would be 150 pounds 
per minute. Conversely — find the diwmeter of a pipe, 1000 
feet long, to carry 150 pounds of steam per minute, at an 
average pressure of 50 pounds gage and a pressure drop of 
8 ounces. 

150 /100~ 

TF (table) = X - = 264 pounds 

VT \ 66 

which, according to the table, gives a 9 inch pipe. 

176. DrlpptBflT the Gondenaatton from the Malnai — The 

condensation of the ateam, which takes place In the con- 
duit mains, should be dripped to the sewer or the return 
at certain «pecified points, through some form of s-team 
trap. These traps should be kept in first clasci condition. 
They should be 'inspected every seven or ten days. No pipe 
should be drilled and tapped for this water drip. The only 
satisfactory way is to cut the pipe and insert a tee with 
the bnanch ]K>oking downward and leading to the tnap. The 
sizes of 'the traps and the distances between them can only 
be determined when the pounds of oondensation per running 
foot of pipe <9an be estimated. 

177. Adaptation to Private Plants i — Dlstrtict steam 
boating' systems may be adapted to private hot water plants 
by the use of a "transformer." This in principle ts a hot 
water tube heater which takes 'the place -of the hot water 
heater of the system. It may also be adapted to warm air 
systems by putting the »team through indirect oolla ajx^ 
taking the air aupply from over the coUs. 
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178. Ctoneral Application of the Typical Dealflrni— The 

folLowingr brief applications are meant to be sugrsrestive of 
the method only, and the discussions of the various points 
are omitted. 

Square feet of radiation in the district. — 

R» = 184500 X 170 4- 255 = 123000 square feet. 

Amount of heat needed in the district to supply the radiation for 
one hour in zero weather, — 

Tota.1 heat pe«r houT = 123000 X 255 = 31365000 B. t u. 

Amount of heat necessary at the power plant to supply the radia- 
tion for one hour in zero weather. — Assuming 15 per cent, heat 
loss in the conduit (this is slightly less than that allowed for 
the hot water two-pipe system, 20 per cent.), we have 
31365000 -T- .85 = 36900000 B. t. u. per hour. 

Total exhaust steam available for heating purposes, — 

W, (max.) = (23100 + 8680) X 1.15 = 36547 pounds per hour. 
W« (mdn.) = ( 1490 + 8680) X 1.15 = 11696 pounds per hour. 

Total B. t. u. available from exhaust steam per hour for Treating.-' 
Let 'the average pressure in the line be 5 pounds gage and 
let the water of condensation leave the indirect coils in the 
residences at 140 degrees. We then have from one pound of 
exhaust steam, by formula 72, 

B. t. u. = .85 X 960 + 195.6 — (140 — 32) = 903.7 

Assuming this to be 900 B. t. u. per pound, the total available 
heat from the exhaust steam for use In the heating system 
is, maximum total = 32892300 B. t. u. and the minimum total, 
= 10526400 B. t. u. 

Square feet of steam radiation that can be supplied by one powid 
of exhaust steam at 5 pounds gage, — 

B, = 900 -^ (255 -7- .85) = 3. 

Total B. t. u. to be supplied by live steam. — 
B. t. u. (max. load) = 36900000 — 32892300 = 4007700 B. t U- 
B. t. u. (min. load) = 36900000 — 10526400 = 26373600 B. t u. 

Total pounds of live steam necessary to supplement the e9haust 
steam. — Let the steam be generated in the boiler at 125 
pounds gage. With feed water at 60 degrees 

Max. load = 4007700 -f- 1163.8 = 3444 pounds. 
Min. load = 26373600 -V 11^3.8 = 22661 pounds. 
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Boiler horse-power needed for the steam power units. — ^As in 
-^1*18. 167 and 170. 

B,, H, P. (max.) = 36547 X 1.2 -^ 34.5 = 1271. 
B,. H. P, (mln.) = 11696 X 1.2 -^ 34.5 = 407. 

Total boiler horse-power needed in the plant. — •Maximum load. 
^- H. P. (total) = 1271 4- (3444 X 1.2 -r- 34.5) = 1391. 

It will be noticed that this total horse-power is 157 
'^Orse-power less than the corresponding Case 2 in Art. 170. 
-*^his is accounted fo-r by the fact that no steam is used up in 
'^•ork lin the circulating pumps, also that the conditions of 
^tieam generation and circulation are slightly different. 1500 
■toiler horse-power would probably be Installed in this case. 

Size of conduit mains. — Let it be required to find the 

diameters of the main system in Fig. 115 at the important 

taints shown. Art. 147 gives the length of the mains in each 

X^art. Allow .3 pound of steam foir each square foot -of steam 

Radiation per hour Othis will no doubt be sufficient to supply 

the radiation and conduit losses). Try first, that part of the 

>ine between the power plant and A, with an average steam 

pressure in the lines of about 5 pounds gage and a drop In 

pressure of IH ounces per each 100 feet of run (approxi- 

jnately 5 pounds per mile). 25200 pound-s per hour gives 

W = 420. The lengith of 'this part of the line is 200 feet and 

the drop is 3 -ounces, or .19 pound. 



W (table) = 



420 



X 



V.19 



/ ^^^ _ 



2158 pounds 



which gives a 15 Inch pipe. 

Following out the same reasoning for all parts of the 
line, we have 

TABLE XXVIIL 





iPPto A 


1 Ato B 


1 B to C 1 C to D 1 D to E 


Distance between points 


200 


500 


1500 


1500 


500 


Radiation supplied, sq. ft 


84000 


57000 


34000 


19000 


8000 


Pressure-droD in pounds = p 


.19 


.47 


1.4 


1.4 


.47 


Diameter of pipe in inches, by table... 


15 


13 


11 


9 


5 



In general practice, these values would pirobably be 
takea 10, 14, 12, 10 and 6 inches Tes^ecVV\^\^. \jk>^>^ n^:^ 
Table 36, Appendix, and check the above ^s>3itfe^. 
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179. From temtm that have been conducted on heating: 
^Vstems, It has been shown that there is less loss of heat 
^I'om buildingrs supplied by automatic temperature control, 
tlian from buildings where there is no such control, A uni- 
form temperature within the building is desirable from all 
X^oints of view. Where heating systems are operated, even 
lander the best conditions, without such control, the effi- 
ciency of the system would be increased by its application. 
^o definite statement can be made for the amount of heat 
saved, but it is safe to say that it is between 5 and 20 per 
cent. A building uniformly heated during the entire time, 
Tequlres less heat than if a certain part or all of the build- 
4ngr "were occasionally allowed to cool off. When a building 
falls below normal temperatutre it requires an extra amount 
of heat to bring it up to normal, and when the inside tem- 
perature rises above the normal, it Is usually lowered by 
opening windows and doors to enable the heat to leave rap- 
idly. High inside temperatures also cause a correspondingly 
increased radiation loss, P'luctuations of temperature, there- 
fore, are not only undesirable for the occupants, but they 
are very expensive as well. 

180. Prtadplea of the Systemt — Temperature control may 
be divided into two general classifications, — small plants 
and large plants. The control for small plants, i. e., such plants 
as contain very few heating units, is accomplished by regu- 
lating the drafts by special dampe<rs at the combustion 
chamber. This method controls merely the process of com- 
bustion and has no especial connection with individual reg- 
isters or radiators, it being assumed that a rise or fall of 
temperature in one room is followed by a corresponding 
effect in all the other rooms. This method assumes that all 
the heating units are very accurately proportioned to the 
respective rooms. The dampers are operated thirough a sys- 
tem of levers, which system in turn \9 cotv\.to\\^^ Vs ^ \.\>.^x- 

mostat Fig. 120 shows a typical app\\ea.Uox\. q1 a>\^\\. x'^'^-^- 
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through the system of levers to the full amount necessary 
to operate the damper. A simil-ar device is made by the 
same company for application to hot water heaters. 

Temperature control in large plants, i. e., 'those plants having 
a large number of heating unit-s, is much more oomplicated. 
In furnace systems this is very much the same as described 
under small plants, with additional dampers placed in the 
air lines. The following discussions, therefore, will apply 
to hot water and steam systems, and will be additional to the 
control at the heater and boiler as discussed under small 
plants. Fig. 124 shows a typical layout of evLch a system. 
Compressed air at 15 pounds per square inch g^ge is main- 
tained in cylinder, Su, w<hich is loosuted in •some convenie&t 





FJg-. 125. 



Fig. 124. 



place for the attendant. This air Is ca^ 
ried to the thermostat, Tx, on one of tW 
protected walls In the 'room. Here It 
passes through a controlling valve and 
is then led to the regulating valve on the 
iradiator. Thi>s €Lir acts on the top ci* 
•rubber diaphragm as dhown in Pig. 1*^ 
to close the valve and to cut off the ^np* 
ply. When the room cools off, the cob* 
trolling valve at T» cutis off the supplf 
and opens the air line to the radiator- 
This Temo'veB lYi^ bAt "^t^^^mtq above tW 
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diaphrasrm and permits the stem of the valve to lift. On the 
openingr of the valve the steam or water agrain enters the 
radiator and the cycle is completed. 

Fig. 96 show« the application of the thennostatic control 
to the blower work. This showa the thermostat B and the 
mlxingr dampers, located at the plenum chamber, in the 
sinsrie duct system. The same greneral arrangremont could 
be applied to the double duct system, with the dampers In 
the wall at the base of the vertical duct leading to the 
room. 

181« Some of the Important PotntM tn the Installation i— 

Dach radiator has its own regulatinsr valve. All rooms 
having: three radiators or less are provided with one thermo- 
Bta,t, Largre roonM having: four or more radiators have two or 
more therraostats with not more than three radiators to the 
thermostat. Where other motive power is not available far 
the «Lir supply, a hydraulic compressor is used. This com- 
pressor automatically mainta-in-s the air pressure at 15 
pounds gSLge in the steel supply tank. The main air trunk 
lines -are gralvanized iron, % and % inch in diameter, and 
are tested under a pressure of 25 pounds gragre. All branch 
pipes are % and % inch gialvanized iron. All fittings on 
the % inch pipes are usually brass. W«here flexible connec- 
tions are made, this is sometimes done by armoured lead 
piping. Therraostats are usually provided with metallic 
covers, and are finished to correspond with the hardware of 
the respective rooms. Each thermostat is provided with a 
thermometer and a scale for making adjustments. Each 
radiatotr is provided with a union diaphragm valve having 
a specially prepared rubber diaphragm with felt protection. 
This valve replaces the ordinary radiator valve. One of 
these valves ijs used on the end of each hot water radiator, 
one on each one-pipe steam radiatorr and two on each two- 
pipe low pressure steam radiator. This last condition does 
not hold for two-pipe steam radiators with mechanical 
vacuum returns, 'in which ca-se patented specialties are 
Q.pplied by the vacuum company. In such oases the s-upply 
to the radiator only is controlled. In any first class system 
of control, the "temperature of the room may easily be kept 
"Within a maximum fluctuation of three degrees. 

182. Some Special Dealgrna of Apparatus! — All tempera- 
ture oontrol work is solicited by specially ooTa^a,Tv\e;«», ^a.^:?ct 
bayins a patented system. In the essenUaV teaA.>3Lt^^ \Xv^»«k 
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systems all agree with the foregoing general stat 
The chief difference is in the principle upon which tl 
mostat, Th, operates. 

INTERMEDIATE POSITIVE 



B 



*f> 



Fig. 126. 

Fig. 126 shows sections through the intermedi 
positive thermostats manufax>tured by the Johnson 
Company, Milwaukee. The interior workingts -of tl 
mostats are as foll'OWis: Intermediate, — Air enters et 
the supply tank, passes into chamber B and escapes 
C. If thermostatic starip T expands Inward to clost 
air pressure collects in B and presses down port ' 
thus opening port E, letting air through into F and •< 
to close the damper. When T expands outwalk, pre 
B is relieved and F is forced back by la spring, ol( 
Air in F reacts against the diaphragm and escapes 
hollow valve Y at H, permitting the daonper to opei 
tive. — Air enters at A, passes into chamber B and 
at C. If thermostatic strip T expands inward to clog 
reasure collects in B, forces oul tYve^ VLxv>aL^VLW Joint 
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operates the three-way valve r, thus shutting: port E and 
)penlns port P, letting air escape and radiator valve open, 
^hen T expands outward, pressure at B is relieved, knuckle 
ioint K returns, pulling F outward, thxts slmttinfir P^rt h\ 
opening: E, lettinflT air escape through Q and shutting off 
radiator valve. 

The real thermostat is the spring T. This Is composed 
of steel and brass strips brazed together. Because of a 
higher coefficient of expansion in the brass than in the 
dteel, a change in the room temperature causes the spring 
to move toward or away from the scat C. T is adjustable 
for any desired room temperature. The intermediate ther- 
^liostat is used on indirect heating where mixing dampers 
^re employed and where an intermediate position of the 
^^Ive is necessary. The positive thermost&t is used on 
iirect radiators and coils where a full open or full closed 
iiovement of the valve is desired. 

Fig. 127 shows a section through the pattern K thermo- 
'tat, manufactured by the Powers Regulator Co., Chicago. 
^hls thermostat consists of a frame carrying two corrugated 
lisks, brazed together at the circumference and containing a 
olatile liquid having a boiling point at about 50 degrees F. 
k-t a temperature of about 70 degrees, the vapor within 
he disks has a pressure of about 6 pounds to the square 
ich. This pressure varies with every change of tempera- 
JTe and produces variations in the total tliickness at the 
^nter of the disks. 

The compressed air enters at H and passes into chamber 

through the controlling valve J, which Is normally held to 
8 seat by a coil spring under cap P. Within the flange M 

located an escape valve L upon which the point of the 
ipply valve J rests. Valve L tends to remain open when 
srmitted by reason of the spring underneath the cap. Wftien 
le temperature rises sufficiently to ca^usc the disks to In- 
*ease in thickness and nrkove the flange M, the fiorst action 

to seat the escape valve L, its spring being weaker than 
lat above J, If the expansive motion Is continued after 
Uve L is seated, the valve J is then lifted from its seat 
nd compressed air flows into the chamber 2f. As the 
ir accumulates in chamber "N, it exerts a pressure upon the 
astlc diaphragm K in opposition to the expansive force of 
^e disk. So, whenever there is sufficient preaautfe \xv "S x.^ 
Glance the power exerted by the disks, t\\e va\\e J xeVwxxv"^ 
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to It* eea-t and no more air Is permitted to pasa throulli' 
1( the temperature falls, the pressure wlthJn the dlikl 
comes less, the disks draw together and the over-baJanclng 
air pressure In K reverses the movemenl ol the flange if ai 
permlla the escape valve L under the Influence oC its sprliiE 
to rise from Us seat, whereupon a portion of the air li 
Is discharged until the pressure In 21 becomes equal to the | 
diminished pressure from the disks. Thus the pressure ol 
the air In X Is maintained always In direct proportion to the 
expansive power (temperature) of the disks. Port I COD- 
nectH with chamber 3' and leada to the diaphragm valve. 

This thermostatic valve controls the regulator valve M 
a. graduated movement and is used on the dampers (or 
blower work. Another farm with maximum ntovement only 
Is designed (or steam systems. 

Pig. 128 shows the positive and arraduated thermostats 
as manufactured by the National Regulator Oompanr, Cbl- 
oago. The thermostatic element In these thermostats Is th» 
vulcanized rubber tube A, wWcVi oViaTigea Its length with the 
varying room temperatures ana c».Mae» ^.'tte ''o.via O \o uv.^ 
or cloae the port G, thua contto^ns ^t-* *«»»\^ '"^ •■« ^ 
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1 trara the radiator valve or the rogulatlngr damper. In 
: positive thermostat air enters the tubo from the supply 
■ough the niter and restricted passage J*. From the In- 
lorr of the tube the air leaves through the middle orlBce 
1 enters the pipe leading to the radiator valve. If the 
mleraperature Is above the norn>al, port O closes and the 
pressure collectB In the tube, thus crtatlnK a pressure 
the line leading to the radiator valve and closing It. It 
room temperature falls below the normal, port O opens, 
la exhausted from the tube to 'the atmosphere, the preB- 
e on the radiator valve Is released and the valve opens, 
> Intermediate thermostat differs from the positive ther- 
itat in 'having but -one air line. Room temperatures 
5w the normal contract tube A, open port O. and exhaust 
air to the atmosphere. With this release In pressure In 
pipe at P the regulating damper Is turned to admit 
Pe w»rm air Into the room. With the room temperature 
ve the normal, tube A expands, port O closes, pressure In 
e P Increases and the regulating damper is turned so aa 
idmlt a lower temperature of air In the room. By means 
this a, Kraduated movement -ot the damper i 
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CHAPTER XV. 



BLECTRICAL. HEATIKTG. 



In the present state of the heatingr business it seems 
almost unnecessary to discuss electrical heatingr, in any 
serious way, in connection with steam power plants. The 
reatsons will be seen in the following: brief discussion. 
Electrical heatingr can appeal to the public only from the 
standpoint of convenience, since a comparison of economies 
between steam, hot water or warm air heatingr on one hand, 
and electrical heating on the other, is wholly agrainst the 
l-atter. Its application to the processes of heating will find 
its greatest economy in connection with water power plants 
where the combustion of fuel is eliminated from the prop- 
osition. This discussion will not bear In any way upon the 
water power generator. 

183. Elquations Elmployed In Electrical Heatingr DesiffBt— 

1 H. P. = 746 watts. 

1 H. P. = 33000 ft. lbs. per min. = 1980000 ft. lbs. per hr. 

1 B. t u. = 778 ft. lbs. 

1 H. P. hr. = 1980000 -J- 778 = 2545 B. t. u. per hflP. 

1 H. P. hr. = 746 watt hrs. = 2545 B. t u. per hr. 

1 watt hr. = 3.412 B. t. u. per hr. 

1 watt hr. = 3.412 -i- 170 = .02 sq. ft. of hot water rad. 

1 watt hr. = 3.412 -^ 255 = .0134 sq. ft. of steam rad. 

1 kilo-watt hr. = 20.1 sq. ft. of hot water rad. (105) 

1 kilo-watt hr. = 13.4 sq. ft. of steam rad. (106) 

184. Comparison bet^preen Electrical HeatlngT und H«< 
IVater and Steam Heatlnst — The loss in transmitting elec- 
tricity from the generators through the switchboard to the 
radiators may be small or large, depending upon the condi- 
tions of wiring, the current transmitted and the pressure on 
the line. In all probability it would equal or exceed the 
transmission losses in hot water or steam lines. AssuminlP 
these losses to be the same, a fair comparison may be made 

Jn the cost of heating by the variovia <m^lliods« The operat- 
Jnsr efficiency ot ftQ electric hea^X^ji Va 1-^^ ^« ci^iiX.., «X\>5»*J^ 
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the current that is passed Into the heater is dissipated in 
t-he form of heat and no other losses are experienced. This 
is not true of steam systems where the water of condensa. 
"tion is thrown away at fairly high temperatures. Where 
electricity or steam is generated and distributed all in the 
eajne building, there is no line loss to be accounted for, 
since all of this heat goes to heating the building and counts 
«LS additional radiation. 

Equations 105 and 106 show the theoretical relation 
-existing between electrical heating and hot water and steam 
heating compared at the power plant. The following dis- 
cussion is based, therefore, upon the assumption that 1 
kilo-watt hour, in an electric radiator, will give off the same 
amount of heat as 20.1 and 13.4 square feet of hot water and 
fiteam radiation respectively. With coal having 13000 B. t, u. 
per pound and a furnace efficiency of 60 per cent., it will 
require 3412 -r- 7800 = .44 pound of coal per hour. If coal 
costs 12.00 per ton of 2000 pounds, there will be an actual 
fuel expense of .044 cent. On the other hand, assuming the 
combined mechanical efficiency of an engine or turbo-gener- 
ator set to be 90 per cent., the heat from the steam that is 
turned into electrical energy per hour is 1000 -r- .90 = 1111 
watts, for each kilo-watt delivered. Now if this unit has 
15 per cent, thermal efficiency, we have the initial heat in 
the steam equivalent to 1111 -r- .15 = 7400 watt hours. From 
this obtain 7400 X 3.412 = 25249 B. t. u. per hour; or, 25249 
-r- 7800 = 3.2 pounds of coal per hour. This, at the same 
rate as shown above, would be worth .32 cent. Comparing, 
the electrical generation actually costs 7.2 times as much as 
the other. This comparison has dealt with the fuel costs at 
the plant and has not taken into account the depreciation, 
labor costs, etc., the object being to show relative efficien- 
cies only. 

Another way of looking at this subject is as follows. 
A fairly large turbo-generator set (say 500 K. W.) will 
deliver 1 kilo-watt hour to the switchboard on 20 pounds 
of steam. With 10 per cent, additional steam for auxiliary 
units, this amounts to 22 pounds of steam per kilo-watt hour 
at the switchboard. One pound of steam generated in a 
plant of this kind with the above efficiencies and value of 
coal, also with a steam pressure of 150 pounds and a good 
feed water heater, will give to each poMiv^ ol ^\.^'au\sv ^-^^x^tX- 
mately 1000 B. t. u. This makes 2^Q00 B. V. m. ox ^.'^ ^«2>Nkxv?i.'^ 
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of coal required to each kilo-watt output. This Is about 10 
per cent, less than the above figures. 

The ratio of 7 to 1, as shown in the above efficiencies, 
does not seem to hold good in the selling price to the con- 
sumer. In round numbers, district steam and hot water 
heating systems supply 25000 B. t. u. to the consumer for 
one cent. The cost for electrical energy to the consumer is 
between 6 and 7 cents per kilo-watt. This gives 3412 -r 6.5 
= 525 B. t. u. for one cent. Comparing with the above, gives 
a ratio of 48 to 1. 

185. The Probable Future of Electrleal Heat Ins t— Be- 
cause of the low efficiency of electrical heating as xjompared 
to other methods of heating, it is very probable that it will 
not replace the other methods except in so far as the con- 
veniences of the user is the principal thing sought for, and 
the expense of operating a minor consideration. In some 
forms of domestic service, however, electrical heating is 
sure to find considerable usefulness. The temperatures of 
low pressure steam and hot water, together with the incon- 
venience of use, are such as to eliminate them from many 
of the household economies. They will probably continue 
to be used for house heating, water heating and laundry 
work. For occupations that require temperatures above 250 
degrees, such as broiling, frying, ironing, etc, the electrical 
supply will be in demand. 

Heating by electricity on a large scale is being planned 
in Stavanger, Norway. 25000 horse-power can be developed 
by water power. This will be turned into electri-cal energy 
and sold at |7.00 per horse-power year. 
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DESCRIPTION OF SYSTEMS AND APPARATUS. 

ISe. General DlTlslons of the Subjects — The rapidly in- 
^^e&sing" demand for the cold storage of food products, the 
X>roduction of artificial ice and the cooling of buildings have 
developed for the heating engineer a broad and Inviting 
^eld, namely, refrigeration. A municipal electric or pump- 
ing station with a district heating plant to utilize the ex- 
haust steam in winter and a refrigeration plant to utilize 
the same in summer furnishes a unique opportunity for 
economic engineering. One application of the above princi- 
ple where a 10-ton ice plant of the absorption type was so 
operated in a town of 3500 population and earned a dividend 
of 13 per cent, on the investment, is proof, if any is needed, 
that the field is an intensely practical one. 

As in heating systems there must be sources of heat, 

<:irculating mediums, distributing systems and delivering 

systems whereby the carriers give up their heat at the 

proper places in the circuits, so in -refrigerating systems 

'there must be sources of minus heat or of heat abstraction, 

circulating mediums, distributing systems and receiving sys. 

tems whereby the carriers take up heat at the proper places 

in the circuits from articles or rooms that are being cooled. 

The carriers (circulating mediums), and the receiving and 

transmitting of the heat to and from them present no special 

difficulties or great diversity of practice, but in the methods 

of producing and maintaining the sources of minus heat 

there are considerable differences and numerous methods. 

187. Refrlsreratinsr Systems may be divided into two 
groups, those producing cold by more or less chemical action 
between ingredients upon mixing, called chemical systems, and 
those producing cold by the evaporation of a liquified gas 
or the expansion of a compressed gas, called mechanical sys- 
tems. Chemical systems are used only occasionally in com- 
mercial work, but are frequently found in small sized plants 
for domestic purposes. L#ow first cost and convenience of 
bandlingr are the principal advantages. T\A^ ^\nV&V^xv V^- 
eJude0 the simple melting of ice an^ Ui^ xcAx-Vxt^ <il Vi^ ^^^ 
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salt for temperatures as low as to — 6 degrrees. The latter 
Is much used In domestic processes for the production of 
table Ices, etc. Other Ingrredlents used in the mixtures with 
the corresponding temperature drops which may be ex- 
pected are given in Table 53, Appendix. The chemical 
method of producing cold is occasionally used to maintain 
low temperatures in storage rooms while repairs are being I 
made upon the regular machinery. The chemical methods 
of cooling are so simple in principle that they will not be 
discussed further in this work. Mechanical systems include 
all the practical methods of commercial refrigeration. These 
are, the vacuum system, the cold air ayatem, the campreaaion system 
and the absorption system. 

188. Vacuum Syatemi — This dEiystem was formerly of 
some importance but of late years has given place to other 
and more efficient methods. Fig. 129 shows a vacuum sys- 
tem in diagram. If a spray of water 
or brine is injected into a chamber 
that contains pans of sulphuric acid 
and is kept at a partial vacuum of 
one or two ounces, the acid absorbs 
the water vapor from the spray, thus 
assisting in maintaining the vacuum 
and lowering the temperature of the 
remainder of the spray. The vapor- 
ization of the part that is absorbed 
by the acid requires heat. This 
\ heat is taken from the liqui-d of the 
spray that is not absorbed, conse- 
quently the temperature of the re- 
maining liquid is lowerred. In a 
system of this kind a temperature 
of 32 degrees may easily be ob- 
tained. The water or brine after 
- cooling is then circulated through 
the coils of the cold storage room 
where it takes up the heat of the rooms and contents and 
returns to the vacuum chamber to be again partially evapo- 
rated and cooled. 



Jlff9, Cold Air System t — ^T\\e cold «^\t a'sa^««^ Va na^^ vcVel- 
cjpally on ship board. Fig. 1^0 sYvo^a ^Va.^T^xaxna.W^saXV'^ \X\fc 
^ts and the operation ol tVve aysX-^m. T\v^ ^^^\^ ^^% \.^>i: 
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parts, compreaHon In one of the cylinders of the compressor, 
cooling In the air cooler by giving off heat to the cold water 
thus removing the heat of compression, expansion in the sec- 
ond cylinder of the compressor thus cooling the air, and 
refrigeration in the cold storage room where the heat lost dur- 
ing expansion is regained from the articles in cold-storage. 
Cold air machines work at low efficiencies because of the 
necessarily large cylinders and their attendant losses due 
to clearance, heating of the compression cylinder, snow in 
the expansion cylinder and friction. The system has much 
to recommend it, however, since it is extremely simple, occu- 
pies a very small space compared with other systems and 
uses no costly gases, chemicals or supplies. 

190. The Compression and the Ahsorption Systems have 
in common this fact — both use a refrigerant, i. e., a liquid hav- 
ing a coniparatively low boiling point. Perhaps the most 
common refrigerant is anhydrous ammonia, which boils, at 
atmospheric pressure, at 28.5 degrees below zero and in 
doing 80 absorbs as latent heat 573 B. t. u. Table 54, Ap- 
pendix, gives further properties. Other refrigerants used 
to a lesser extent ar^ sulphur diox\de» ^O^, -wXvVcXv \iQ.^^'^ ^N. 
— 14 degrees under atmospheric presBUX^ ^Wcv ^ \^\.^xX ^n»»^» 
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of 162 B. t. u. and carbon dioxide, COj, which boils at —30 
deg^rees under a pressure of 182 pounds per square inch 
absolute with a latent heat of 140 B. t. u. A comparison of 
the temperatures and pressures of four common refriger- 
ants is given in Table 59, Appendix. Pictet's fluid is a mix- 
ture of 97 per cent, sulphur dioxide and 3 per cent, carbott 
dioxide. 

A choice of a universal refrigerant can scarcely be made 
because of the varying conditions of individual plants. The 
principal difficulty wi'th the use of sulphur dioxide is the 
fact that any water uniting with it by leakage immediately 
produces sulphurous acid with its corroding action upon all 
the iron surfaces of the system. This same objection holds 
also for Pictet's fluid. The objections to the use of carboa 
dioxide are, first, its comparatively low latent heat, and 
second, the high pressure to which all parts of the apparatus 
and piping are subjected. Pressures of from 300 to 900 
pounds per square inch are very common. Perhaps the worst 
charge that can be made against ammonia as a refrigerant 
is that it is highly poisonous and corrodes metals, particu- 
larly copper and copper alloys. However, the high latent 
heat of ammonia, together with the fact that its pressure 
range is neither so high as with oarbon dioxide, nor so low 
as with sulphur dioxide, are perhaps the chief reasons for 
the very general preference for ammonia as the commercial 
refrigerant in compression systems; while its great affinity 
for and .solubility in water, are what make the absorption 
system a possibility. 

101. Compression System: — Compression machines may 
work well with the use of any one of the four refrigerants of 
Table 59, if the proper pressures and temperatures are ob- 
served and maintained. The common refrigerant for this 
type is, however, anhydrous ammonia, for reasons given 
above. Fig. 131 shows a diagrammatic sketch of the com- 
pression system. To follow the closed cycle of the ammonia, 
start with a charge being compressed in the cylinder of the 
compressor. From this it is conveyed by pipe to the con- 
denser which, being cooled by water, abs-tracts the lateiit 
heat of the refrigerant and condenses it to a liquid. From 
the condenser the liquid refrigerant is conveyed to the ex- 
pansion valve through which it expands into the evaporator 
or b-rine cooler. In changing from a Uquid to a gas In the 
evaporator It absorbs from the \)T\.Tvfe •aiv wao-woX. Qt be»t 
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equivalent to the heat o( vaporization of the ammon 
Ipon leaving the evaporator the refrlgprant Is again rca 
or the cylinder of ttie compreesor, tlius completing I 
ycle. 

If the refrigerant Is ammonia, the compreaaor la co 
lonly of the vertical type, direct connectid to a horizon 
'orlUt engine as shown In Fig. 132. Thla type ot co 




Beawr oomblnes the high efficiency of the Corliss engine 
olth the vertical type ol compressor which Is probably the 
^t type for reliable service of valves and pistons. The 
•erllcal compresaor Is usually single acting with water 
bcketed cylinders. Horizontal ctrmpTeaaota «.t6 '\u>wXV^ 
ionble Botlos; as gbown Jn Pig. 133, -whexe the ^iViae 'Kit>'^f» 
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Fig. 

is a, direct connected electric motor. Poppet valves 
-type are placed at an angle ol 30 degrees to 4S degrees wltli 
the center line of the cylinder, a, construction made otcti- 
sary by apace restrictions on tlie cylinder heads. Compres- 
sors for other refrigerants are commonly of these 
types, the main difference beine that compressors for i 
dioxide systems are nearly always two-stage to produ" 
high compressions. The Intermediate cooler pressures ranft 
e Inch. Horize 
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Oylinders In tandem with the compressor cylinders are com- 
Txion for the carbon dioxide systems and the compressor cyl- 
inders are usually single acting. 

102. Condensera for Compression Systemii are classi- 
fied under four heads, atmospheric condensers, -concentric 
"tube condensers, enclosed condensers and submerged conden- 
<sers. An elevation of an atmospheric condenser is shown in 
^Ig. 134. As illustrated it consists of vertical rows of pipes 
so connected by return bends as to make the hot refrigerant 
pass through each pipe beginning at the top, while the cold 
water main at the top of the row furnishes a spray of water 
which trickles over the outside of the pipes. The gas on 
the inside of the pipes is thus cooled by the extraction of 
the quantity of heat that is used in raising the temperature 
of the water and evaporating a part of it. The complete con- 
denser may consist of any required number of these vertical 
rows, placed side by side, each row properly connected to 
the hot gas header and to the liquid header. 

An elevation of one section of a concentric tube condenser is 
shown in Fig. 135. The arrows show the paths of the gas 
and water. As in the atmospheric type the gas enters at the 
top and the liquid is drawn off below. In its descent it 

li 
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paB808 throufirh the annular space between the two coneen* 
trie i)ipc8 and is cooled by the atmosphere on the outside of 
tho largrcr pipes and by the water circulating through the 
inner pipes. This condenser has the advantagre over the sim* 
pie -utmosplieric condenser in that the water may be made to 
luive an upward course througrh the apparatus, thus bring- 
InK the coldest water in contact with the pipes carrying the 
liquid rather than with the pipes carrying the hot gas. 
KiTice the efll<jiency of the plant as a whole is very largely 
depindcnt upon the temperature of the liquid at the expan- 
Hion valve this matter of the "counter flow" of the cooling 
wat<r iH an important one. Foir the medium sized and large 
e(>in))reHHi(m Rystems this form of condenser is used almost 
without exception. 

The encloacd condenser. Fig. 136, is very similar to the «ur. 

face coil condenser in steam engine 
plants. It consists of a cylindrical 
chamber with a number of concen- 
tric pipe spirals connecting: a hot 
water header at the top with a cold 
water header at the bottom of the 
cylinder. The pipes of the spirals 
arc provided with stuffing boxes j 
where they pierce the upper and , 
lower heads of the cylinder. With \ 
this condenser a counter flow of 
the water is used, the cold water en- 
tering the bottom of the colls and 
flowing upward, so that the liquid re- 
frigerant at the bottom of the cylin- 
der is very near the temperature of 
the incoming water. 

A Hubmerged condenser, as the name 
Implies, contemplates a rather large 
body of water below the surface of 
which there is submerged a ooil for 
circulating the hot refrigerant. Fig. 
137 shows a section of such a con- 
denser. The hot gas enters at the 
top fitting of the coil and leaves at 
lower fitting. Cold water is constantly flowing In at the bot- 
tom of the tank and leaving by >t\\e o^ex^o-w ^\. ^n.^ \.q^, being 
hoatod as it rises. The form ol 1\\g coW \^ M^\3a\Vj «^>st^. 
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altbough thli condenser may be built with colls o 
turn bend type when larger surface 1h enquired, 
wnaller compreolon plants use the enclosed or 
merged type of 
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In general, condensers may bo considered vital factors 
in the economy of compregHion plants. TLiey mu3t be rtliable 
Id service and eeonomlcal In operation, anil must be so dc- 
WSned and proportioned that they will di^llver liquid re- 
fflRerant within Ove degrees of the temperature of the in- 
Mtning cooling waler. A condenser should present all 
Joints, particularly those holding the refrigerant, to plain 
Tlew for easy inspection and repair. Since it Is the func- 
Uon of the conaenaer to dissipate the heat of the refrigerant 
SU, it is not uncommon to Install It upon the roof or out- 
flfle the building in some cool place. This Is especially true 
Where the atmospheric or the concentric tube types are 
nwd. In such positions the heat radlatod by tlic condenser 
Isnot given t)ack to the rooms and piping systems. In addi- 
tion, the cooling action of the atmosphere ■a.Bs\a\,3 \t\ kus-Wmi 
tli« system more efflclent 
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BvaporBtDrs (or compr^saLon syatema may be COt 
9 condensers, reversed In action but very slmlU 
II the refrigeratlns effect la accompllahed by tb 
ling system an evaporator ot some type will b 
, but It the refrigeration Is aeeompllshed by clren 
lating the expanding refrigerant Itself, no evaporator Is rs 
quired. Evaporators, or brine coolers, may be classlfle 
according to the metliod of construction, as sbell coolers am 

The shell cooler takes various forma. One is shown b] 
Fig. 136, belnK In effect an enclosed condenser with brim 
instead of cold water circulating In the coils. The heat o> 
the brine Is transferred to the cool liquid relrlgerant, cani' 
Ing the refrigerant to evaporate and take from the brlni 
an amount ot heat equal to the latent heat ot the refriget- 
ant. The proper height to which the liquid refrlgeran' 
should be allowed to rlae In the evaporator is a very mud 
disputed point, some old and experienced operators claim- 
ing greatest efUcleney when about one-third o( the coollnj 
Burtace Is covered with liquid refrigerant leaving two 
thirds to be covered with gaseous refrigerant. Others clflln 

liquid refrigerant. These points of view give rlae « 
the two terms drj/ sffileme and flooded 8t/itemt. Of late yean 
the flooded systems are gaining somewhat In favor, a sepa- 
rator being Installed between the evaporator and the com- 
pressor to prevent any liquid being drawn Into the cam- 
r cylinder. This -separator drains any liquid vbKb 
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may collect therein, back Into the evaporator. In the flooded 
system the brine cooler more commonly takes the form 
shown in Fig. 138, where at the end A I) of the brint' lank 
ABCD is shown the flooded cooler E, This cooler consists 
of a boiler shell filled with tubes, the brine plrculatlngr 
through the inside of the tubes while the interior of ilio 
large shell is nearly or quite filled with liquid refrigerant. 
Concentric tube brine coolers are made of piping very .similar 
in principle to that shown in Fig. 135, with the exception 
that instead of two concentric pipes, three are more com- 
monly employed. The brine circulates through the inner- 
most of the three and through the outermost, while the 
annular space between the smallest pipe and the middle 
pipe is traversed by the liquid refrigerant. In this way 
the annular space filled with refrigerant has brine on both 
sides and the cooling of the brine is very rapid. The numer- 
ous joints in this cooler present a constant source of trouble. 
Salt brine will usually freeze in the inner pipe, so that cal- 
cium chloride brine must be used. 

A choice of evaporators or coolers depends mainly upon 
Whether the plant is to run continuously or intermittently. 
When run continuously only a small amount of brine Is 
required and this, when cooIchI quickly and circulated 
quickly, would call for a concentric tube cooler. When run 
Intermittently a much larger body of brine is desirable so 
as to remain cool longer during the night hours when the 
Plant is not operating. For this condition a shell typo 
Cooler would probably be preferred. 

In addition to the condensers and evaporators that were 
described in detail, there are to be found on the well equip- 
ped compression system the following pieces of apparatus 
Which will be mentioned and described only briefly. An oil 
separator is commonly found in the line connecting the con- 
denser with the compressor. This is simply a large cast 
iron cylinder with bafCle plates to separate the oil from the 
ammonia. Since the oil is heavier than the ammonia It set- 
^Us to the bottom and may be drawn off. An ammonia scale 
•trainer is often found just before the compressor intake. 
Small purge valves are located at all high points in the 
system for the purpose of exhausting the foul gases or the 
^ir which may collect in the system. Such a purge con- 
nection is shown on the right end ot t^^ u^^er c,q\\ Va. 
% 134. 
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IM. Pl»e«. Valves and Pllltasi 

ant piping are considerably dltterer 
ir the refrlgerHUt 1h ammonia, no braaa enters Into tliB de- 
£lsn of any part of the piping' or auxiliaries traversed by the 
ammonia. The operating princlplta of all valvea are tbB 
aame as atandaril ones' but thpy are made heavier and en- 
tirely of Iron, or Iron and aluminum. The common threaSed 
Joint used on all standard fittings la replaced In ammonia 
systems by the bolted and packed Joint. It Is not vlthln tbe 
scope of this work to go Into these details further than a 




Fig. 139. Pig. HO. 

GTlve a section ot an ammonia expansion valve, Fig. 139, bp' 
a section of a. typical ammonia Joint. Fig:. HO- 

105. AbBomlloB SrBtcmi_Aa st'ated In Art 190, th* 
great affinity of ammonia gas (or water and its solubllilJ 
therein, are what make the absorption ayatem a posalbllW 
and give It the name as well. At atmospheric pressure (Pi 
60 degrees temperature one volume -of water will abMHb 
about 900 volumes of aromonla gas. At atmospberlo I** 
sure and 100 degreea temperature one volume ot iM>f 
win absorb only about one-lialf as much gaa. or <M y^ 
umes. If then, one volume ot water la saturated at 60 W" 
greea with ammonia gas and heated VO 100 degrees tliC* 
Will be liberated about 150 volumes of ammonia gas. H»M« ' 
H is evident that a stream ot water may be used as a •»' 
veyor of ammonia gas from one place or condition to *»■ | 
other, say from a condlUoiv ol \o'w \emw(iTfl.ture and V"^ I 
sure where the absovbins Blream ot -wwiLet ■wsniW,'\ie««ii,»l 
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I oondition of high temperature and pressure, where the 
ras would be liberated by simply hcatlngr the water. It will 
)e noticed that the gas has been transferred as a liquid 
Hrithout a compressor or any compressive action, by pump- 
ng a stream of water of approximately one-four hundred 
ind fiftieth of the volume of the gas transferred. This, in 
the abstract, is the method employed in the absorption 
system to convey the ammonia gras from the relatively low 
temperature and pressure of the evaporator to the high 
temperature and pressure at the entrance of the condenser. 
The absorption system, when closely compared in prin- 
ciples of operation to the compression system, differs only 
In one respect, namely, the absorption system replaces the 
?as compressor by the strong and weak liquor cycle. As 



0R(n»<ii 




Fig. 141. 



shown in Fig. 141, both sys- 
tems have arrangements of 
condenser, expansion valve 
and evaporator that are iden- 
tical, hence the part of the 
cycle through these need not 
be considered. The problem 
of completing the cycle from 
evaporator t o condenser, 
however, Is solved quite dif- 
ferently in the two systems. 
In the compression system 
(upper diagram) the evapo- 
rator delivers the expanded 
gas to the compres- 
sor, from which, 
under high pres- 
sure and tempera- 
ture, it is delivered 
to the condenser 
and the cycle is 
completed. In the 
absorption system 
(lower diagram) 
the evaporator de- 
livers the expanded 
gas to an absorber, 
in which the gas 
corcves \xv ccyxv\a.^\- 
wit\\ a. a^Ta.^ '^^ ^^- 



so 
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conslstingr of water contalningr about 15 to 20 per 
cent, of anhydrous ammonia. The weak liquor absorbs 
the ammonia gas through which the liquor is sprayed and col- 
lects in the upper part of the absorber as strong liquor, contain- 
ing about twice as much anhydrous ammonia as the weak 
liquor, or 30 to 35 per cent. From here it is pumped through the 
exchanger (which will be ignored for the present) into the 
generator at a pressure of about 170 pounds per square inch 
gage. In the generator heat is supplied by steam coils im- 
mersed in the strong liquor. As this liquor is heated it 
gives up about half of the contained ammonia gas which 
rises and passes from the generator to the condenser, thus 
completing the ammonia or primary cycle, while the weak 
liquor flows from the bottom of the generator through the 
exclianger and pressure reducing valve back to the ab- 
sorber, thus completing the secondary or liquor cycle. 

In general then, the absorption system uses two cycles, 
that of the ammonia and that of the liquor, the paths of the 
two cycles being coincident from the absorber to the gen- 
erator. The liquor pump serves to keep both cycles in mo- 
tion. The pump creates the pressure for both cycles and 
the expansion valve and the reducing valve reduce the 
pressure respectively for the ammonia cycle and the liquor 
cycle. The exchanger does not mix or alter the condition of 
the two streams of liquor passing through it, for its only 
function is to bring these two streams close enough that 
the heat of the weak liquor from the generator may be trans- 
ferred to the strong liquor going to the generator. Stated in 
otlier words, the exchanger heats the strong liquor by cool- 
ing the weak liquor, thus effecting a saving of heat which 
would otherwise be lost, since the weak liquor must be 
cooled before it is ready to properly absorb the gas in the 
absorber. 

106. An Elevation of an Absorption System with the 
elements piped according to what is considered best prac- 
tice is shown in Fig. 142. Starting at the expansion valve, 
the ammonia (liquid, gas or gas in solution) passes in order 
through these pieces of apparatus: the evaporator, the ab- 
sorber, the liquor pump, the chamber of the exchanger or the 
coil of the rectifier, the generator, the chamber of the recti- 
i?er and the condenser back to IYvg expansion valve. At the 
same time the liquor used to abaot>o \,\\fe s«^^ Vc«^^^\% Vcv. K«d€r 
through these pieces: tVie a\iaoT"tofeT, \>cvfe \\cv>\^t ^\ww^^ "Ccv.^ 
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This will 



Fig. 142. 



Chamber of the exchanger or Ihc colt of the rectlHer. the 
generator, the pressure reducing valve and the coll of the 
exchanger back to the absorber. The method of pipe connec- 
tions shown la a very common one although some varia- 
tion may be found, especially In the continued use of cool- 
ing water In consecutive l 
the cooling water is first ui 
be found so In all plants. From the condenser the cooling 
Water may next be taken to the absorber, as shown In the 
Sketch, or It may be used In the rectifier coll Instead ut the 
•trong liquor. In recent years the practice of by-pusalng 
a certain amount ot the cool, strong liquor from the pump 
*htough the rectlfler Is gaining in favor. Fig. Hi shows 
« plaot having bent COU construction. Plants are also bulit 
leaving straight pipe construction, where all coil surfaces 
■hown are replaced by straight Pipes, the condenser bi-lng 
Usaally of the concentric tube atmospheric type and tlie 
•Vftporator being also of the concentric tube brine cooler 
*>'pe, as mentioned under compression Byatetna, ■nQ\.\\ \.ts«5. 
*t absorption plants are found In use. 
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FlK. 113. 



Bnalyzpr and pxchanger, and Flgr. Hi shows the vertical 
type, also with the analyzer. The horizontal type may have 
one or more horlontat cylinders equipped with steam c 
The analyupr, which may be considered as an enlarged doro 
of the generator, la used to condenae the water vapor whio; 
rises from the surface of the liquid In the generator. T 



s or he 



lis the analyzer has a 

ward while the heated mixtui 
r vapor passfa upw! 



tal hallle 
liquor trlcktea 

slices. In this 
he ABcendlns i 
lUrtaces o: 



vapor and condenses much of It on 
baffle pla.tea, 

IDS. Recttflers are arrangoments of cooling surface 

des)ened to Choroughly dry the 

Into the condenser. This la aciompWs.'nea. \iv Dresentln 

to the hot product of the Keneca:\.oT Sviat enOMst. coQ\\-o« a-a 

face to condense the water vo-por -«\\\\o^\ 
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trie tub 
roctifler 



closed and aulnnerKed 



same type of condenaprs. each de- 
scribed under the head ol con- 
densers for compruaslim ayBleme. 
Rectlflera may save Ii»ait by the 
arrangement sliown In I'^lK. 142, 



e the' 



tod fro 



water vapor Is givL'n to the cool, 
strong- liquor before entering the 
generator. As shown, the strong 
liquor may be divided, part pass- 
Ine through the roctifler and part 
through the eichangcr. or the 
strong liquor may all go through 
the exchanger first and bhen 
through the reotlfler. Where 
strong liquor Is so used, the recti- 
fier Is always ot the enclosed 
type. Reotincrs using water as 



the 



olln) 



called dehydratOFH, the term rec- 
tifier being more properly used 
when the cooling medium la the 

JB». CondeDiierii Cor absorption 
"systems do not differ In design 
from those used for oompresaion 
syatoms. The same types are used, 
and In 'the same manner, the sur- 
face being somewhat less due to 
the precoollng effect of the recti- 
fiers or dohydrators. As a gen- 
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WEAK LIQUOR 




200. Absorbers may be classified as dry absorbers, wet 
absorbers, atmospheric absorbers, concentric tube absorb- 
ers and horizontal and vertical tubular absorbers. In the 
dry absorber, the top section of which is shown In Figr. 145, 

the weak liquor enters at the 
middle of the top header and 
is sprayed upon a spray pan, 
from which it drips downward 
over the coils. The gas enters 
as shown, part being delivered 
above the spray plate, so as to 
come into contact with the 
spray and the larger part being 
taken downward through the 
central pipe to a point near the 
bottom of the absorber, from 
Fig. 145. which point It flows upward 

against the descending weak liquor by which it is absorbed. 
As the gas is dissolved by the weak liquor the heat of ab- 
sorption is given off, and taken up by the cooling water in 
the coils. The result is a strong liquor which collects in 
the abs-orber ready to be delivered to the pump. 

The wet absorber, on the contrary, has practically the 
whole body filled with weak liquor and the ammonia gas 
enters near the bottom, bubbling up through the weak 
liquor thus saturating it. Various baffle plates with fine 
perforations break up the gas into small bubbles thus aid- 
ing in presenting a large surface of gas to the liquor 
which, as it becomes saturated and lighter, rises to the top 
of the body of the absorber and is ready to be drawn off by 
the pump. Instead of spiral cooling coils, this type is often 
made with straight cooling tubes inserted between two tube 
sheets, boiler fashion. This straight tube construction is 
much simpler and cheaper, and much more easily cleaned 
than the spiral type. It is favored by some on this account, 
especially where the cooling water has a tendency to form 
scale. 

Atmospheric absorbers resemble atmospheric condensers of 

the single tube type. The ammonia gas and weak liquor en- 

ter the bottom through a fitting commonly called a miwer, 

and the two flow upward l\vToug\v Wv^ Vtv^'l^^ of the pipe 

while the cooling water is Vn contaicX. ^N\\\v \.\vfe Ci\i\."a\^^ X^ccaj^ 

'ing up the heat of absorpUon gexv^raX-^a ^VOcAxw \.\v^ W^^^, 



REPRIG:5RATI0N 301 

Concentric tuhe alMorherii are very similar in dosigrn to con- 
centric tube condensers, the cooling water passing tlirough 
the central tube and the weak liquor and expanded gas en- 
tering at the bottom of the annular space and circulating to 
the top, absorption taking place on the way. Because of the 
small capacity of the last two mentioned absorbers, it Is 
necessary to use with them an aqua ammonia receiver be- 
tween the absorber and the ammonia pump, to act as a 
reservoir for storing a reserve supply of the strong liquor. 

Horizontal and vertical tubular alHorbcra are these in which 
the cooling surface is composed of straight, horizontal or 
vertical tubes inserted between tube sheets, the cooling 
water flowing inside the tubes and the absorption taking 
place within the drum or body of the absorber. 

201. ESxehanarers may be of two types, the shell type 
or the concentric tube type. The shell typo, as the name Im- 
plies, Is composed of a main body or shell through which 
circulates the strong liquor to be heatod and within this 
shell is a coil or other arrangement of heating pipes tlirougli 
which the hot, weak liquor flows. Fig. 142 shows the ele- 
mentary arrangement of such an exchanger. Concentric 
tube exchangers are used on large plants. They are similar 
in every way to the concentric tube condensers shown in 
Fig. 135, with the exception that larger pipes are needed 
for the exchangers. The cold, strong liquor is usually car- 
ried through the pipes and the hot, weak liquor through the 
annular space. The great advantage of this type of ex- 
changer is the same as that of the concentric tube con- 
denser, namely, the counter flow of the two streams. With 
tHis arrangement the total transfer of heat is a maximum, 
for which reason this type of exchanger is generally pre- 
ferred. 

202. Coolers for the weak liquor are often found in 
plants. This piece of apparatus Is not indicated In Fig. 142. 
It is usually installed as the lower three coils of the atmos- 
pheric condenser, and hence is simply a small condenser 
used to further cool the weak liquor just before its entrance 
into the absorber. With a counter flow, concentric tube ex- 
changer a weak liquor cooler is seldom found necessary. 

203. The Pump used in absorption systems to raise the 
Pressure of the strong aqua ammonia may be steam drlvexv, 
electric driven or belt driven, as best aulta Wve ^^tWcxsX^x 

plant conditions. The power required "by tYvVa i^V^c^ ^^ ^^^^ 
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ratus is about one horse power per 20 to 25 tons of refrigrer- 
ation capacity. 

204. CTompresslon Syvtenui and Abaorptlom Systenifl Com- 
pared: — ^A comparison drawn between the compression sys- 
tem and the absorption system brings out the following 
facts. The compression system depends fundamentally upon 
the transferring of heat energy into mechanical energry and 
vice versa, with the attendant heavy losses. The absorption 
system merely transfers heat from one liquid to another. 
This is a process which is attended by only moderate losses. 
The compression system is comparatively simple, its pro- 
cesses readily understood and its machinery easily kept in 
good running order. The absorption system is complicated 
with a greater number of parts, its processes are often not 
thoroughly understood by those in charge and its macliinery 
is likely to become inefficient because heat transferring sur- 
faces are allowed to become dirty. For these reasons the 
attendance necessary upon an absorption plant must be of a 
higher order than that necessary for a compression plant 

205. Clrculattnsr Syfltemst — ^The refrigerating effect pro- 
duced by either one of the two systems may be delivered to 
the place of application in two ways. The first is the hrine 
circulation method wherein a brine cooler is used through 
which the brine flows causing the evaporation of the liquid 
refrigerant and the cooling of the brine. This cold brine is 
then circulated through pipes to the place where refrigera- 
tion is desired. Fig. 138 shows an evaporator placed in one 
end of a large bHne tank. The refrigerating eflCect is car- 
ried to the cans of water by the circulation of this body of 
brine through the evaporator and out past the cans, the cir- 
culation through the channels shown being maintained by 
the pump. Brine, commonly used for such work, is made by 
dissolving calcium chloride in water. A 20 per cent solu- 
tion is generally used. Salt brine is used to some extent 
but it has many disadvantages compared with calcium brine. 
The second method is the direct circulation metJiod wherein the 
liquid refrigerant is conveyed to the place to be cooled, is 
passed through an expansion valve and then circulated 
through coils in the space to be refrigerated, changing Into 
gaseous form as fast as it can absorb enough heat K 
ammonia is the refrigerant the direct circulation is not often 

favored because of Its highly penetrative nature and odor, 
even a leak so small as to escape QietecU^iTi \keVns «Qflfii«nt 
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to fill the refrigrerated space with the odor, which many 
food stuffs will absorb. 

206. Tl&ere are Three Methods Bmployed for Matntaln- 
1ns liO'VF Temperatures in storage and other rooms. The 
first is by direct rcidiation where the pipes are placed within 
the room and the refrigerant is circulated through them. 
This is the oldest, simplest and cheapest system to install. 
In this the proper location and arrangement of the pipes are 
essential to the most efficient operation. Since the tempera- 
ture to be maintained in a storage room depends upon the 
products to be kept in the room, It may be necessary to have 
a considerable range of temperature. It is desirable to have 
the pipes arranged as coils in two or three sets, each being 
valved so that the amount of refrigerant being circulated 
may be increased or decreased as the temperature of the 
stored product may require. 

The pipes should be set out from the wall several inches 
to give free air circulation and keep the frost that collects 
on them from coming into contact with the wall. The coils 
should be so placed that the temperature of all parts of the 
room may be kept as nearly uniform as possible. Some 
products keep as well in still air as when it is in motion, but 
others, such as fruits, eggs, cheese, etc. are better pre- 
served when. the air is circulated. Circulation may be ef- 
fected in a room piped for direct radiation by putting aprons 
over the coils as shown in Fig. 146. These aprons consist of 

12 inch boards D nailed to 



'wyyy^y'yyyy///y////y/////yy 777m 




Fig. 146. 



studding E and the whole 
fastened tt) the coils, the 
studding serving to keep the 
boards from coming into 
contact with the pipe coils. 
A false ceiling F is placed a 
few inches below the ceiling 
of the room so that the 
warm air flows towards the 
pipes and over them, drop, 
ping to the floor and passing 
out under the lower edge of 
the apron into the room. 
Wherever direct radiation is 
used dr\^ ^«.ts^ ^\v<:k>a\^ \i«& 



placed directly underneath the coUa \ii ox^q^t \.q c.^\.vi:cv ^^^ 
drain ott the water when the coils are cm\. o>3X ^Xii^ "^"^^ ^^^^*- 
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meltl. This water should be drained Into a, receptacle tl 

can be eaally emptied when niled. 

The second method of room cooling Is by indirect railalloi. 

Let Fig. 14T represent a section of a Btorage building. lb* 
essential parts of the cooIIdk system w 
a bunker room iC, in the top part at t!i« 
building, containing the cooling ( 
B, a. series of ducts on either side of tlit 
building, a o arranged that the air sftM 
passing over the cooling colls, droin 
downward. These ducts are provided 
with dampers (or admitting as' much oi 
the cold air to the rooms as is desired. 
On becoming warmed this air is crowded 
n the opposite side of t 




the due 



I the 



room where It Is again cooled by paasing 
over the colls. By the use of the damp- 
ers the cold air may he cut off f rom str 
room or admitted In large quantUlei 
thus making It an easy matter to main 
tain the temperature at any point de- 
sired. The ducts leading the air (rem 
the rooms should be 25 per cent larger 
than the ones leading to the rooma and 
the latter should have about three squire 
Inches crOsH-sectlon per squa. 
floor area In rooms having e 
celling. 

The third method is by m 
■ circulation. Fig. 148. The arrangementi 
of the plenum system for heatlns, 
except that the heating coll' 
are replaced by the retrlger*'- 
Ing colls. The air required (0 




blow 
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m, over wWA 

Id water ii 

not only watbel 
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earbon dioxide Is used direct expansiion is emplbyed, thus 
dispensing: with the use of brine. The principal advantage 
of the plenum system of coolingr is that a positive circulation 
of air may be maintai-ned in any room even thougrh the 
bunker room be placed on the first floor or in the baseonont 
of the building:* This is the system used in largre buildings 
that are cooled during the summer as well as heated dur- 
ing winter, in factories where changes of temperature seri- 
ously affect the product, as in chocolate factories, in fur 
storage rooms, in drying the air before it is blown into blast 
furnaces and In the solution of many other important eco- 
nomic problems. 

207. InflBence of the Dew Points — In cooling a building 
by means of a plenum refrigerating system, groat trouble 
Is experienced with the formation of ico on the coils. For 
example, suppose such a cooling system on a hot summer 
day is taking in air at 90 degrees temperature and 85 per 
cent, humidity. If this air is cooled only ten degrees (see 
shart, page 29), it will have reached its dew point and as 
the cooling continues will deposit frost and ice on the coils 
from the liberated mdsture, the air meantime remaining at 
the saturation point and being so delivered to the rooms. The 
undesirable feature of delivering satarated air to the rooms 
may be avoided by cooling only part, say half of the air 
stream, considerably lower than the final temperature de- 
sired, and then mixing it with the other half, which is 
drier, before delivering it to the rooms. The troublesome 
coating of ice and frost on the pipes may be avoided by 
combining the cooling system with the air washing system 
and using a brine spray instead of water for washing the 
air during cooling. The brine, which freezes at a very low 
temperature compared with water, plays over the cooling 
coils, and cleans both coils and air. The brine should pref- 
erably be a chloride brine. A modification of this method of 
avoiding ice and frost is to provide pans above the coils 
and fill them^ with lumps of calcium chloride. The pans 
have perforations so arranged that as the strong chloride 
solution forms (due to the deliquescence of the salt) it 
trickles down over the pipes and holds the freezing point 
of any collecting moisture far below the temperature of the 
coils. A sketch of this arrangement is shown in Fig. 149» 
which has the disadvantage of the clumsy Yv^ltv^Wtv^ ^^ 'Ccv^ 
calcium chloride. Plants operating only durVivs X.Yv^^'a.-^*'^"^^^'^ 
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instance, auditoriums, commerce chambers, etc, often 
no equipment for preventtng the accumulation ol IrOBt 
Ice, It belDK allowed to form during the short period ol 
and to melt during the period of rest. 

20S. Pipe Line Refrlsemtlont — In a number of 
larger cities refrigeration Is furnished to Bucta place 
cold storage rooms, restaurants, hotels, audltorlumB, 
by a conduit system or central station eystem. The 1( 
of the mains in the various cities where used, ranges 
a few hundred feet to twenty miles and the circuit 
medium employed is either liquid ammonia or brine. I: 
ammonia system two pipes are used, one carrying the I 
ammonia to the place desired and the other returnh 
after expansion to the central station. When brine la 
It Is good practice to circulate It at from 13 to 15 degre 
Occasionally the conduits carry three parallel pipes, ti 
which are for circulating the brine and the third li 
emergency cases. The line should be divided Into sed 
with valves and by-paascs so arranged that a defectlv* 
tion could be repaired without Interfering with the 
parts. All valveB should be readily accessible and all 
polBta in the aystem BhoulA be e(\ii\BBe4 ^\Wa ^urge vi 
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vice pipes should be two inches in diameter and 
ilated. 

er the ammonia absorption or compression system 
used for coolingr the brine but according: to Mr. Jos. 
the latter, making: use of direct expansion, is the 
Iclent and the one most commonly installed. The 
adiation to the pipes in the conduits is not grreat but 
.8 mechanical difficulties are yet to be overcome. It 
$em desirable to make the pipe-line system of cool- 
sral for residence use but as yet It has not been 

found economical to cool build- 
ings uslngr less than the 
equivalent of 500 pounds of re- 
frigeration in 24 hours. Al- 
though not an efficient method, 
it seems probable that cold air 
refrigeration by using balanced 
expansion may supersede the 
other systems. 

209. As a Final Application 
of refrigeration we may men- 
tion the cooling of the drinking 
water supply in large office 
buildings, hotels, etc. Usually 
this Is simply a small part of 
the work of a large refrigerat- 
ing plant. Fig. 150 gives a dia- 
grammatic elevation of such an 
arrangement. 
Fig. 160. 
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210. Unit MeaMiireiiieiit of Refrlgreratlont — Since th« 
first efforts toward refrigeration employed the simple pro- 
cess of melting ice by the abstraction of heat from nearby 
articles, it is not surprising to find the accepted standard 
unit for expressing refrigeration capacities referred to the 
refrigerating effect of a known quantity of ice. In fact, 
since the latent heat of fusion of ice is a constant, this 
furnishes an excellent basis for estimating refrigeration. 
The generally accepted unit of measure is the ton of refrigera- 
tion, which may be defined as the amount of heat (B. t. u.) nchkh 
one ton of 2000 pounds of ice at 32 degrees, voill absorb in melting to 
water at 32 degrees. Since the latent heat of ice is 144 B. t. u. 
per pound, one ton of refrigeration is equal to 288000 B. t. u. 
Just as a pumping plant is rated at a certain number of 
millions of gallons, meaning millions of gallons in twenty- 
four hours, so a refrigeration plant is rated in so many 
tons of refrigeration, meaning so many tons in twenty-four 
hours. Hence one ton of refrigeration capacity for one day 
is equivalent to 12000 B. t. u. per hour, this value being '*« 
unit of refrigerating capacity, sometimes referred to as tonnagt 
capacity, or refrigerating effect, and usually designated by T. 

211. Calculation of Required Capacity s — ^To estimate 
closely the tonnage capacity of a refrigerating plant for 
any certain store space requires specific attention to supply* 
ing the following losses: 

(a) The radiated and conducted heat entering the 
room. This may be divided into that due to the walls and 
that due to the windows and sky-lights. 

(b) The heat entering by the renewal of the air, ot 
ventilation of the enclosed space. This may be divided into 
heat given off by the air and heat given off due to the 
latent heat of the moisture. 

(c) The heat entering by the opening of doors. 

(d) The heat from the men at work, lights, cheniic*^ 
fermentation processes, etc. 

(e) The heat abstracted from material in cold storage- 
iZefrigeration losses d\ie to eivtrance of radiated and cc*' 

ducted heat may be calculated \i7 ^OTTci>aL\«ja \^, \\ %»A 1^ 




wy space to be kept at or bflow zero degr 
(ISO la Hon allowing no gtea.*.eT vcB.Tw.Tti.\» 
or spaces to be kept at trom ies^te* 



310 HEATING AND VENTILATION 

degrrees no greater tranamission should be allowed than .06, 
while for temperatures above 30 degrrees a transmission as 
e:reat as .1 is allowable. In any case, however, it should bo 
remembered that the heat loss, and therefore the expense of 
operation, is directly proportional to this factor and tha 
best possible insulation, consistent with available building: 
funds, is the one to use, the ceiling and floor being as care- 
fully insulated as the walls. Window construction should 
be tight, non-opening, and at least double. 

The refrigeration loss due to ventilation may be considered 
under two lieiids, 1. e., the cooling of the air from the 
higher to the lower temperature, and the cooling, condens- 
ing and freezing of the moisture in the air. In this par- 
ticular, air cooling cannot bo considered exactly the re- 
verse of air warming. In air warming the vapor present 
absorbs heat but this vapor has so little heat capacity com- 
pared with that of the air that no noteworthy error is intro- 
duced by Ignoring the vapor. However, in air cooling the 
dew point is almost invariably reached and *passed, so that 
considerable moisture is changed from the vapor to the 
liquid with a liberation of its heat of vaporization. This is 
considerable and cannot be ignored without serious error. 
If, further, conditions are such that this moisture is frozen, 
its latent heat of freezing must also be accounted for. 
These two items are relatively so large that to cool air 
through a given range of temperature may involve several 
times the heat transfer required to warm the same air 
through the same range of temperature. 

ArpucATiox. — Assume outside air 95 degrees, relative 
humidity 85 per cent., temperature of air upon leaving cool- 
ing coils 30 degrees and temperature of coil surface 10 de- 
grees. If 180000 cubic feet of air per hour are drawn in 
from the atmosphere, the refrigerating capacity of the coils 
may be obtained as follows. To cool the air from 95 degrees 
to 30 degrees will require (formula 9), 

180000 X (95 — 30) 

= 212700 B. t. u. 



55 

At 95 degrees and 85 per cent, humidity one cubic foot of 

aJr contains, (Table 10, Appendix,) .85 X 17.124 = 14.555 

grains ot moisture. At 30 degreca ^.1^5. a^.\.Mx«X\^ixi ^xx.^ Q.Mblc 
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foot of air contains, (Table 10), 1.935 grains. Hence there 

180000 (14.555 — 1.935) 

would be deposited upon the coils = 

7000 

324.5 pounds of moisture per hour. Now there would be 
absorbed from each pound of this moisture 
32 B. t. u. to cool from 95 to 32 degrees. 
1073 B. t, u. to change to liquid form. 
144 B. t. u. to freeze (if allowed to freeze on coils). 
11 B. t. u. to cool from 32 to 10 degrees. 



1260 B. t. u. total. 

Hence the coils would have to absorb from the moisture 
alone, 1260 X 324.5 = 408870 B. t. u. per hour, or for both 
moisture and air, 212700 + 408870 = 621600 B. t. u. per hour. 
This indicates, for the ventilation proposed, a tonnage capac- 
ity of 621600 -5- 12000 = 51.8 tons of refrigeration needed at 
the bunker room coilsi The above provides that the air is 
rejected at the interior temperature, 30 degrees. Modern 
plants, however, would pre-cool the incoming air before it 
reached the bunker room by having part of its heat ab- 
sorbed by the outgoing 30 degree air, which would reduce 
the estimate somewhat below 51.8 tons. 

In considering the refrigeration loss due to the opening of 
doors no rational method of calculation is applicable, but if 
the nature of the cold storage service is such that doors are 
frequently opened, as high as 25 per cent, may be allowed. 
Generally this is taken from 10 to 15 per cent. 

The refrigeration loss due to persons, lights, etc., may be 
estimated as suggested in Art. 31. If the cooling air is 
recirculated, the cooling and freezing of the moisture given 
off by each person should be taken Into account, especially 
if the number is large. For this purpose It is safe to assume 
a maximum of 500 grains of moisture given off per person 
per hour when such persons are not engaged In active phy- 
sical exercise. 

212. Calculations for Square Feet of Coollngr Collt — This 
problem presents greater uncertainty in Its solution than 
does the design of a heating coil surface because of the lack 
of experimental data and because of the variable insulat- 
ing effect of ice and frost accumulations, if allowed to form. 
I^Qtesaor Hanz Liorenz in "ModeTii B.%lt\s^t^WTv^ '^•a^R^Ax^- 
ery/' page 349, quotes 4 B, t, \i. per 8qu^.x^ looX. ^^^ \v^>ax ^*5kX 
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degree difference between the average temperatures on the 
inside and outside of the coils, as a safe designing value 
when the air speed is 1000 feet per minute over the coils. 
This is for plants in continuous operation, as abattoirs, cold 
stores and in places where no provision is made against ice 
formation. For clean pipe surface in the plenum air cooling 
plant of the New York Stock Exchange Building the heat 
transmission is approximately 430 B. t. u. per square foot 
per hour with air over coils at 1000 feet per minute. Under 
the average temperatures there used, this corresponds to a 
transmission per degree difference per square foot per hour 
of approximately 7 B. t. u. These two values, 4 and 7, n»y 
be taken as about the minimum and maximum transmission 
constants for plenum cooling coil installations. 

For direct cooling coils, where the pipe surface is sim- 
ply exposed to the air of the room to be cooled, Lorenz 
recommends a transmission allowance of not over 30 B. t u. 
per square foot per hour, for in such installations the re- 
moval of ice and frost is seldom contemplated. For an aver- 
age room temperature of 30 degrees and average brine tem- 
perature of 10 degrees, this would correspond to 30 -r 20 = 
1.5 B. t. u. transmitted per square foot per hour per degree 
difference. 

Application 1. — How many lineal feet of 1^ Inch direct 
refrigerating coils would be required to keep a cold stor- 
age room at 30 degrees if the refrigeration loss is SOOOO 
B. t. u. per hour total and the temperatures of the brine en- 
tering and leaving the coils are 10 degrees and 20 degrees 
respectively? Average brine temperature = 15 degrees. M' 
lowing a transmission constant of 1.5, formula 30 become^' 

H 

Rr = = — .0445 H 

1.5 (15 — 30) 

For this problem we have .0445 X 80000 = 3500 square fee*- 
or 3500 X 2.3 = 8050 lineal feet of 1% inch pipe. 

IA.PPLICATION 2. — The cooling of 180000 cubic feet of air P®' 
hour in Art. 211 required the extraction of 621600 Rt. u. P®' 
hour. Determine the plenum cooling surface required, *^ 
brine enters at degrees and leaves at 20 degrees. 

Average brine temperature = 10 degrees. AssumiD^ 
that there is provision for Jeeping coils clear of ice, ^^ 
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hence a transmission constant of 7 B. t. u. is allowable, 
formula 42 grives 

621600 

Rr = = — 1691 square feet of surface. 

95 + 80) 



/ »&-h80> \ 



The negative sign Indicates a flow of heat in the direc- 
tion opposite to the flow in heating installations, for which 
the formula was primarily designed. 

213. Creneral Application! — Considering the school bulld- 
Ingr a-nd the table of calculated results on pages 202 to 205 
'^vhat amount of cooling coil surface would be required to 
iLeep the temperature of all rooms of this building at 73 
<iegrrees on a day when the outside air temperature is 95 
decrees and the relative humidity 85 per cent.? 

Data Table XXV gives the total heat loss of the three 
floors of this building as 1483250 B. t. u. per hour on a zero 
day when the rooms are kept at 70 degrees. Now this same 
building under the summer conditions would have delivered 
to it heat due to a temperature difference of 95 degrees — 73 
degrees = 22 degrees. Hence the total refrigeration loss dur- 

22 

ing the summer day would be approximately X 1483250 = 

70 

466000 R t. u. per hour, which amount of heat would be used 
to warm the incoming air from some temperature up to 73 
degrees. Suppose the ventilation requirement of the build- 
ing is 2000000 cubic feet per hour. Since it requires^ of 
a R t u. to warm one cubic foot of air one degree, [2000000 
(73 — O] -T- 55 = 466000, or t = 60.2, say 60 degrees. (See 
Arts. 36 and 38 and observe that the second term of the right 
hand member of formula 17 becomes a negative term). 

While .the air is traversing the ducts between the coils 
and the rooms, allow a rise in temperature of 5 degrees. 
The coILs would then be required to deliver 2000000 cubic 
feet of air per hour at 55 degrees when supplied wlith air at 
90 degrees and 85 per cent, humidity. To cool this amount 
of air through the given range would require the absorption 
of (formula 9), [2000000 X (95 — 55)] -5- 55 = 1454500 B. t. u. 
At 95 degrees and 85 per cent, humidity, 1 cubic foot of air 
contains (Table 10), .85 X 17.124 = 14.555 grains of moisture. 
At 55 degrees <and saturation point, 1 cm>q\.c 1oc>\. c>1 ^Vc ^^tw- 
talns (Table 10), 4.849 grains of moistuxe. 'H.feTvc^, tv^^'&.^nN:^"^ 
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changre In air volume, there would be deposited on the colls 
approximately L2000000 (14.555 — 4.849)] -i- 7000 = 2775 
pounds of moisture per hour. 

Now, if an average brine temperature of 10 degrees is 
used and provision is made for keeping the colls clear of Ice, 
the condensation will leave at some temperature above 10 
degrees, say 20 degrees, and there will be absorbed from 
each pound of this moisture approximately 

20 B. t. u. to cool from 95 to 55 degrees. 
1061 B. t. u. to change to liquid form at 55 degrees. 
35 B. t. u. to cool the water from 55 to 20 degrees. 



1116 B. t. u. total. 

Hence the colls would have to absorb from moisture alone, 
2775 X 1116 = 3096900 B. t. u., or from both moisture and air 
a total of 1454500 + 3096900 = 4551400 B. t. u. per hour. At 
an allowed rate of transmission of 7 B. t. u. there would be 
required to cool this building a total of approximately 910<> 
square feet of coil surface, under the conditions of ventila- 
tion as assumed. 

It should be noted that whereas only 3000 square feet 
of plenum surface were sufficient to heat the building ac- 
cording to Application 2, Art. 115, it requires fully three 
times this amount of surface In cooling coils to cool the 
building under the assumed conditions. Upon inspection it 
Is seen that the greatest work of the cooling coils Is the 
condensation and cooling of the moisture. 

The relative humidity within the cooled rooms would be 
approximately 55 per cent., for the content per cubic foot of 
Incoming air is 4.849 grains, and the capacity of the air 
when heated to 73 degrees Is 8.782 grains showing a relative 

4.849 ,, 

humidity, after heating, of = 55 per cent. This wouia 

8.782 

be raised somewhat by the persons present, 

214. Ice Maklngr Capacity. Calculation! — Negleotin? 
losses, the ice making capacity of a refrigerating plant fo'' 
a certain refrigeration tonnage may be expressed 

, = ^liZ (ion 

it — 32) + 144 4- .5 (32 — h) 
In which / = tons of ice produced per 24 hours, T = refriJT* 



/ 
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^I'a.tion tonnagre or rating of plant, t = initial temperature of 
^'^stter and *i = final temperature of ice, usually 12 to 18 
^ Agrees. 

Appucation. — ^What should be the ice making capacity of 
^' X)lant having a tonnage rating of 100, if t = 70 degrees and 
^ =16 degrees? Take losses at 35 per cent. 

.65 X 144 X 100 

I = = 49.3 tons in 24 hours. 

(70 — 32) + 144 4-.5 C32 — 16) 

215. GalloM Decree Calculation i — For use in plants pro- 
Xicing ice by brine circulation a unit called the gallon degree 
^ sometimes used. It represents a change of one degree 
^mperature in 1 gallon of brine in one minute of time. 
t is not a fixed unit representing a constant num- 
er of B. t. u., since the brine strength, and therefore its 
pecific heat» may vary. The value in B. t. u. per minute, of 
gallon degree for any plant may be obtained by multiply- 
ng the specific gravity of the brine by its specific heat and 
y 8.35, the weight of one gallon of water, or as a formula 
^^msiy be stated 

D = 8.35 gh (108) 

^^here D = B. t. u. per minute equal to one gallon degree, 

9 = specific gravity of brine and h = specific heat of brine. 

The number of gallon degrees per ton of refrigerating capacity may 

be found by dividing 200 by D, since one ton of refrigerating 

capacity is equal to 200 B. t. u. per minute, then 

200 24 

Dt = = for all practical purposes. (109) 

8.35 gh gh 

The refrigerating capacity of a given brine circulation may be 

obtained by dividing the product of the gallons circulated 

and the rise in brine temperature by the value Dt. Stated 

as a formula this is 

0(t2 — ti) ghGCtz — ts) 

T = = (110) 

Dt 24 

where T = tonnage capacity, O = gallons of brine circu- 
lated per minute and (^2 — 's) = rise of brine temperature. 

216. Refrigerating Capacity of Brine Cooled System t — 

To calculate the capacity but two things are required, the 
amount of brine circulated, and the rise in temperature of 
the prine. From these the capa^iVtv tcvm "^^ Q\iVa.Vcv^^ Xjtj 
the formula 
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W fe («8 — h) 

T = (111) 

12000 

where T = tonnagre capacity, W = weight of brine circulated, 
in pounds, h = specific heat of brine and (*2 — U) = rise in 
temperature of brine. 

217. Cost of Ice Making and Refrigerations — The cost of 
ice manufacture is affected principally by the following 
items: price and kind of fuel, kind of water, cost of labor, 
regularity of operation, method of estimating costs, etc. 
It is found in practice to range anywhere from $0.50 to 
$2.50 per ton. The items making up the cost of ice manu- 
facture are: fuel for power, labor at the plant, water, am- 
monia and minor supplies, maintenance of the plant, inter- 
est and taxes, and administration. Mr. J. E. Siebel in his 
"Compend of Mechanical Refrigeration and Engineering" 
gives an itemized account of the daily operating expense of 
a 100-ton plant with which he was connected, the plant 
operating 24 hours per day. 

Chief engineer $ 5.00 

Assistant engineers 6.00 

Firemen 4.00 

Helpers 5.00 

Ice pullers 9.00 

Expenses 12.00 

•Coal at $1.10 per ton 18.00 

Delivery (wholesale) 50c per ton 50.00 

Repairs, etc 3.00 

Insurance, taxes, etc 6.00 

Interest on capital 20.55 



Total for 100 tons of ice $138.55 

The length of time that the ice is permitted to freeze 
is a factor affecting the cost of production. The following 
figures are given for a 10-ton plant: 

Ten tons Ten tons 

in 12 hours in 24 hours 
Engineer $2.50 $ 5.00 

Fireman 1.50 3.00 

Tankmen, helpers . . 1.50 3.00 

Coal 3.00 3.00 

Repairs, supplies, etc. 1.50 1.50 



Total for 10 tons 'U^.OQ $15.60 
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Cr. A. P. Criswell, in "Ice and Refrigreratlon," gives the 
«rlng approximate costa for the production of can ice 
on with coal at $2.50 per ton and with a simple distill- 
ystem. The figures are for the plant operating at full 
:ity and do not include cost of administration. 

Capacity of plant Cost per ton 

10 tons $1.58 

20 " 1.48 

30 " 1.42 

40 " 1.38 

50 " 1.36 

70 " 1.34 

100 " 1.34 

120 " 1.30 

Ir. Karl Wegemann states that a certain moderate sized 
of the absorption system produced ice for a number 
ars at an average cost of $0.85 per ton after allowing 
aelting and breakage. This included all charges ex- 
for interest, insurance and administration. 

'he following figures taken from the books of another 
show clearly the effect of demand upon the cost of 
facture. 

Month Cost per ton 

January ' $3.50 

February 3.70 

March 2.80 

April 2.17 

May 1.75 

June 1.19 

July 1.02 

August 1.02 

September 1.03 

October 1.26 

November 2.10 

December 2.94 



318 HEATING AND VENTILATION 



REFERENCBS. 
ReferenceM on Refrlgreratlon. 

Technical Books. 

A. J. Wallls-Tayl-or, Pocket-Book of Refrigeration. John 
Wemyss Anderson, Refrigeration. James Alfred Ewlng, MeclM%- 
ical Refrigeration. J. E. Slebel, Compend of Mechanical Refriger- 
ation. International Library of Technology, pp. 643-966. I. C. S. 
Pamphlets, 1238 A, 1238 B, 1238 C, 1240, 1241. 1242, 1243, Y 
1246 A, 1246 B, 1247 and 1250. American School of Corre- 
spondence; Refrigeration, Dickerman & Boyer; Refrigeration, M» 
ton W. Arrowwood. 

Technical Periodicals. 

Tee and Refrigeration. The Ice Factory of the Future, Vic- 
tor H. Becker, Jan. 1910. Cell Box System for Making Raw 
Water Ice, A. C. Bishop, Dec. 1909. The Flooded System. H. 
Rassbach, Jan. 1910. Baker Chocolate Cooling Plant, Aug. 
1910. The Working Fluid in Refrigeration, H. J. Maclntyre, 
Nov. 1910. Sulphur Dioxide as Refrigerating Agent, W. S. 
Douglas, Oct. 1911. Dry Blast Refrigeration, Nov. 1912. 
Power, Artificial Systems of Refrigeration, C. P. Wood, May 

3, 1910. Mechanical Refrigeration, F. E. Matthews, Aug. 9, 
1910. Elements of Compression System, F. E. Matthews, 
Sept. 6, 1910. Can and Plate Systems of Making Ice, F. El- 
Matthews, Mar. 14, 1911. Cold Storage of Furs and Fabrics, 
E. F. Tweedy, Feb. 20, 1912. Ammonia Absorption Refrig- 
eration System, Fred Ophuls, Apr. 23, 1912. Central Refrig- 
erating Plant at Atlanta, Georgia. May 7, 1912. Pre-Cooling 
Plant of Southern Pacific Railway, LeRoy W. Allison, June 

4, 1912. Cooling Air of Buildings by Mechanical Refrigera- 
tion, E. F. Tweedy, Nov. 28, 1911. Electrical World, Ice Mak- 
ing from Exhaust Steam, Apr. 7, 1910. 



CHAPTER XVIII. 
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218. In PlannlnsT for and ExecntlngT Enarlneerlngr Con- 

traets» the responsibilities assumed by the various interested 
parties should be thoroughly studied. The following outline 
shows the relationship between these parties and the order 
of the responsibility. 

rk-^r.^^ I Engineer. 

OT7ner i « . . 

__ I Superintendent and Inspector. 

or / 

jj , \ General contractor. Subcontractors, Foremen and 

I Workmen. 

The engineer, the superintendent and the general con- 
tractor occupy positions of like responsibility with relation 
to the purchaser. The first two work for the interest of the 
purchaser to obtain the best possible results for the least 
money, and the last endeavors to fulfill the contract to the 
satisfaction of the superintendent, at the least possible ex- 
pense to himself. These points of view are quite different 
and sometimes are antagonistic, but both are right and just 
Of the three parties, the engineer has the greatest respon- 
sibility. It is his duty to draw up the plans and to write 
the specifications in such a way that every point is made 
clear and that no question of dispute may arise between the 
superintendent and the contractor. His plans should detail 
every part of the design with full notes. His specifications 
should explain all points that are difl[icult to delineate on the 
plans. They should give the purchaser's views covering all 
preferences, and should definitely state where and what ma- 
terials may be substituted. Where any point is not definitely 
settled and left to the judgment of the -contractor, he may 
be expected to interpret this point in his favor and use the 
cheapest material that in his judgment will give good re- 
sults. This opinion may differ from that held by the pur- 
chaser. All parts should be made so plain that no two opin- 
ions could be had on any important point. The engineer 
should also be careful that the plans and specifications agree 
in every part. The inspector is the superintendent's repre- 
sentative on the grounds and is supposed to Inspect and 
pass upon all materials delivered oiv V\\^ ^xoMxv^'a., ^w^ ^^'^^ 
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quality of workmanship in installing". For such information 
see Byrne's "Inspector's Pocket-Book." The general con- 
tractor usually sublets parts of the contract to subcon- 
tractors who work through the foreman and workmen to 
finish the work upon the same basis as the general con- 
tractor. 

The following brief set of specifications are not con- 
sidered complete but are merely inserted to sugg'est how 
such work is done. 

Typical Speelficatlonii. 

Title Page: — 

SPECIFICATIONS 

for the 

MATERIALS AND WORKMANSHIP 

Required to Install 



(Type of system) 
HEATING AND VENTILATING SYSTEM 

In the 



(Building) 



(Location) 
by 



(Name of designer) 
Index Page: — 

(To be compiled after the specifications are written.) 

General Remarks to Contractor. — In the following specifl* 
cations, all references to the Owner or Purchaser will mean 

or any person or persons delegated W 

to serve as the representative. The Sufff' 

intendent of Buildings will be the purchaser's representative »* 

all times, unless otherwise definitely stated. The contractor 

wJl], therefore, refer a\\ doviMtuV i\u^^V\otv^ ^r misunder- 



> 
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dlnss, if any, to the superintendent, whose decision will 
inal. In case of any doubt concerning: the meaning: of 
part of the plans or spcciflcations, the contractor shall 
in definite Interpretation from the superintendent be- 
proceedingr with the work. 

These speciflcatlons with the accompanyingr plans and 
lis (sheets .... to .... inclusive) cover the purchase of 
:he materials as specified later (the same materials to 
ew in every case), and the installation of the same in a 
class manner within the above named building:, located 
... (street) .... (city) .... (state). 

It will be understood that the successful bidder, herein- 
r called the contractor, shall work in conformity with 
e plans and specifications and shall, to the best of his 
Ity, carry out their true intent and moaning:. He shall 
ihase and erect all materials and apparatus required to 
:e the above system complete in all its parts, supplying 
' such quality -of materials and workmanship as will har- 
lize with a first class system and develop satisfactory 
ilts when working under the heaviest service to which 
1 plants are subjected. 

The contractor shall lay out his own work and be re- 
isible for its fitting: to place. He shall keep a competent 
•man on the g:rounds and shall properly protect his work 
.11 times, making good any damage that may come to it, 
the building, or to the work of other contractors from 
source whatsoever, which may be chargeable to himself 
his employees in the course of their operations. 

Any defects in materials or workmanship, other than 
tated under — (state exceptions if any) — ^^that may develop 
iln one year, shall be made good by the contractor upon 
tten notification from the purchaser without additional 
to the purchaser. 

The contractor shall, wherever it is found necessary, 
:e all excavations and back-fill to the satisfaction of the 
irintendent. 

The contractor shall be responsible for all cuttings of 
d work, brick work or cement work, found necessary 
tting 'his materials to place, either within or without the 
ding; the cutting to be done to the satisfaction of the 
irintendent. The contractor shall be requVre^ \,<i q.^xsxv^^\- 
supply water and gas for building pwrpo^^a, «av^ ^\\»>X 
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assume all responsibility for the same. 

The contractor shall be required to protect the purchaser 
from damage suits, originating from personal injuries re- 
ceived during the progress of the work; also, from actions 
at law because of the use of patented articles furnished by 
the contractor; also, from any lien or liens arising because 
of any materials or labor furnished. 

The purchaser reserves the right to reject any or all 
bids. 

No changes in these plans and specifications will be 
allowed except upon written agreement signed by both the 
contractor and the purchaser's representative. 

System. — Specify the system of heating in a general way; 
high pressure, low pressure or vacuum; direct, direct-indi- 
rect or indirect radiation; basement or attic mains; one 
or two-pipe connections to radiators. If ventilation Is 
provided, state the movement of the air and the general 
arrangement of fans, coils or other heating surfaces. Single 
or double duct air lines, etc. 

Boilers. — Specify type, number, size and capacity, steam, 
pressure, approximate horse-power, heating surface, grate 
surface and kind of coal to be used. Locate on plan and ele- 
vation. Explain method of setting, portable or brlcfc 
Specify also, flue connection, heating and water pipe con- 
nections, kind of grate, thermometers, gages, automatic 
damper connection, firing tools and conditions of final tests. 

Conduits and Conduit Mains. — (In this it is assumed that the 
boilers are not within the building). In addition to the lay- 
out, give sections of the conduit on plans showing method 
of construction, supporting and insulating pipes, and drain- 
age of pipes and conduits. Specify quality and size of mate- 
rials, pitch and drainage of pipes and all other points not 
specially provided for in the plans. 

Anchors. — Locate and draw on plans and specify for the 
installation regarding quality of materials. 

Expansion Joints or Take-ups. — Locate and draw on pUD** 
Select type of joint and specify for amount of safe take-flP 
and for quality of material. 

Mains and Returns. — Trace the steam from the point w*ew 
it enters the main, thro\ig\v a\\ Uvfc «^^c.\a.V fittings of tlfe 

system. Show w\\eTe t\vfe <iQxi^fexv^«X\^x^ \^ ^^W^ \ 

to the returns througti traps or ae^a:Ta.WTvs ^^n\^^^ %^«sa 
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nount and direction of pitch, kind of flttingrs (flangred or 
jrewed, cast iron or malleable iron), kind of corners (longr 
r short), method of takingr up expansion and contraction, 
race returns and specify dry or wet 

Branches to Risers. — ^Take branches from top of mains by 
ies, short nipples and ells, and enter the bottom of the 
Isers by sufficient inclination to grive good drainage. 

Risers. — Locate risers according: to plan. They shall be 
traigrht and plumb and shall conform to the sizes griven on 
tie plans. No riser shall overlap the casing^ around wln- 
ows. State how branches are to be taken off leading to 
adlators, relative to the cellingr or floor. 

Radiator Connections. — Specify, one-pipe or two-pipe, num- 
^r and kind of valves, sizes of connections and hand or 
utomatic control. All connections shall allow for good 
Irainage and expansion. Distinguish between wall radiator 
tnd floor radiator connections. If automatic control is used, 
land valves at the radiators are usually omitted. 

Radiators. — Specify floor or wall radiators, with type, 
lelght, number of columns and number of sections. If other 
•adlators are substituted for the ones that are referred to 
18 acceptable, they must be of equal amount of surface and 
acceptable to the superintendent. Specify brackets for wall 
fadlators, also, air valves for all radiators, stating type 
ind location on the radiator. Require all radiators to be 
cleaned with water or steam at the factory and plugged at 
Inlet and outlet for shipment. 

Piping. — Define quality, weight and material In all mains, 
!>ranches and risers. All sizes above one and one-half Inch 
^re usually lap welded. Piping should be stood on end and 
bounded to remove all scale before going into the system, 
^^n pipes 1 inch and smaller should be reamed out full size 
i^ter cutting. 

Fittings. — Specify quality of fittings, whether light, stand- 
ard or heavy, malleable or cast Iron. Fittings with imper- 
•eot threads should be rejected. 

Valves. — Specify type (globe, gate or check), whether 
Ranged or screwed, rough or smooth body, c^^\. Vc^w «^^ 
>rass, and give pressure to be carried. X\\ n^An^^ «^cvo>a^^ 
V located on the plans. 

Espansion Tank.^-^peclty capacity ol taivV?. Vtv s^\\otv^> ^'^^^ 
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Of tank (square or round, wood or steel), method of connects . 
ingr up with fittings and valves, and locate definitely on pla^n 
and elevation. Connect also to fresh water supply and to 
overflow. y.-^ 

Uangcra and Ceiling Plates, — ^Wall radiators and horizonta/ 
runs of pipe shall be supported on suitable expansion hang- 
ers or wall supports that will permit of absolute freedom of 
expansion. Supports shall be placed . . . . ^^et centers. Pipe 
holes in concrete floors shall be thimbled. Holes through 
wooden walls and floors shall have suitable air space around 
the pipe, and all openingrs shall be covered with ornamental 
floor, ceiling or wall plates. 

Traps. — Specify type, size, capacity and location. State 
whether flanged or screwed fittings are used and whether 
by-pass connection will be pu>t in. Refer to plans. .^ 

Pressure Regulating Talve, — Specify type, size and locatloiv* 
also maximum and minimum steam pressure, with guaraH' 
tee to operate under slight change of pressure. State 1^ 
by-pass should be used and explain with plans. 

Separators. — Specify type (horizontal or vertical), als^^ 
size and location. 

Automatic Control. — The contractor will be held responsibl 
for (the installation of all thermostats, regulator valves, ai 
compressor, piping and fittings required to equip all room: 
and halls with an automatic .... temperature control sys- 
tem. Specify approximate location and number of thermo 
stats with the desired finish. Specify In a general way, reg- 
ulator valves on radiojtors, quality of pipe, maximum tesi 
pressure for pipe, power for air supply (hydraulic, pneu- 
matic, etc.), and supply tank. All materials in the tem- 
perature control system shall be guaranteed first class b] 
the manufacturer through the contractor, and the systera^^^ 
sluall be guaranteed to give perfect control for a period o^^^ 
(two) years. 

Fans. — Specify for direct connected or belt driven, rlght^^^^^^ 
or left hand, capacity, size, housing, direction of discharge, 
horse-power, R. P. M. and pressure. State in a general wa: 
the requirements of the fan wheel, steel plate housing, shaft,— - 
bearings and the method of lubrication. 

Kngine. — Specify type, horae-po-wex, i&\.«d.Ta pressure, ap- 
proxlmate cut-off, speed and "feVud ol eox^XxoV 
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SUctrio Moton. — Specify type, horse-power, voltage, cycles, 
bases and B. P. M, 

Indirect HeaHng Surface, — Specify the kind of surface to 
e put in and then state the total number of square feet 
f surface, with the width, height and depth of the heater, 
taite definitely how the heaters will be assembled, givingr 
ree height of heater above the floor. Describe damper con- 
rol, steam piping to and from heater, housing around heater, 
onnection from cold air inlet to heater and connection from 
eater to fan. See plans. The contractor will usually follow 
astallaition instructions given by the manufacturers for the 
reotion of the heater and engine, consequently the speci- 
cations should bear heavily only upon those points which 
lay be varied to suit any condition. All valves, piping and 
.ttings in this work should be controlled by the general 
pecifications referring to these parts. 

FoundaUons, — Specify materials and sizes. 

Air DuctSt Btacks and Galvanized Iron Work. — The drawings 
hould give the layout of all the air lines, giving connections 
letween the air lines and the fan, and the air lines and the 
eglsters. Where these air lines are below the floor, the 
sonduit construction should be carefully noted. All gal- 
''anized iron work should be shown on the plans and the 
luality and weight should be specified. Air lines should 
Lave long radius turns at the corners. 

Registers, — Specify height above floor, nominal size of 
egister, method of fltting in wall, the finish of the regis- 
er and whether fitted with shutters or not. 

Protection and Covering. — Specify kind and quality of pipe 
overing and tbe finish of the surface of the covering, ^tate 
he amount of space between heating pipes and unprotected 
^'oodwork. Distinguish between pipes that are to be covered 
tid those that are to be painted. All radiators and piping 
ot covered should be painted with two coats of .... bronze 
^ other finish acceptable to the superintendent. 

Completion. — Require all rubbish removed from the build- 
^ir and immediate grounds and deposited at a definite place. 
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GENERAL TABLES. 
HEATING AND VENTILATION. 



Tables in body of text are numbered in Roman 
^6rals, those in the Appendixes are numbered in 
^bic numerals. 

All tables that are not considered general are credited 
3 added by permission of the authors. 
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TABLE 1. 
Squares, Cnbes« Square R<M»t«, Cube Roota, Clrclea. 













Cirrfft 


No. 


Square 


Cube 


Sq. 
root 


Cube 
root 


^i/** 




Diam. 


Circumf 


Area 


.1 


.010 


.001 


.816 


.464 


.314 


.00785 


.2 


.040 


.008 


.447 


.585 


.628 


.03146 


.3 


.090 


.027 


.548 


.669 


.942 


.07069 


.4 


.160 


.064 


.633 


.737 


1.267 


.12566 


.5 


.250 


.125 


.707 


.794 


1.570 


.19635 


.6 


.360 


.216 


.776 


.843 


1.885 


.28274 


.7 


.490 


.343 


.837 


.SIX) 


2.200 


.38485 


.8 


.640 


.512 


.894 


.928 


2.513 


.50266 


.9 


.810 


.729 


.949 


.965 


2.830 


.63620 


1.0 


1.000 


1.000 


1.000 


1.000 


3.1416 


.7854 


1.1 


1.210 


1.331 


1.0488 


1.0323 


8.456 


.9503 


1.2 


1.440 


1.730 


1.0955 


1.0627 


3.770 


1.1310 


1.3 


1.690 


2.197 


1.1402 


1.0914 


4.084 


1.3273 


1.4 


1.960 


2.744 


1.1832 


1.1187 


4.398 


1.5894 


1.5 


2.250 


3.376 


1.2247 


1.1447 


4.712 


1.7672 


1.6 


2.560 


4.096 


1.2649 


1.1696 


5.027 


2.O106 


1.7 


2.890 


4.913 


1.3038 


1.1935 


5.341 


2.2698 


1.8 


3.240 


5.832 


1.3416 


1.2164 


5.655 


2.M47 


1.9 


8.610 


6.859 


1.8784 


1.2386 


6.069 


2.8353 


. 2.0 


4.000 


8.000 


1.4142 


1.2599 


6.283 


3.1416 


2.1 


4.410 


9.261 


1.4491 


1.2806 


6.597 


8.4636 


2.2 


4.840 


10.648 


1.4832 


1.3006 


6.912 


8.8013 


2.3 


5.290 


12.167 


1.5166 


1.3200 


7.226 


4.15i8 


2.4 


5.760 


18.824 


1.6492 


1.3389 


7.640 


4.5239 


2.5 


6.250 


15.625 


1.5811 


1.3572 


7.854 


4.9067 


2.6 


6.760 


17.576 


1.6125 


1.3751 


8.168 


5.3093 


2.7 


7.290 


19.683 


1.6432 


1.3925 


8.482 


6.7256 


2.8 


7.840 


21.952 


1.6733 


1.4095 


8.797 


6.1575 


2.9 


8.410 


24.389 


1.7029 


1.4260 


9.111 


6.60S2 


8.0 


9.000 


27.000 


1.7321 


1.4422 


9.425 


7.0688 


3.1 


9.610 


29.791 


1.7607 


1.4581 


9.739 


7.6477 


3.2 


10.240 


32.768 


1.7889 


1.4736 


10.053 


8.0125 


3.3 


10.890 


35.937 


1.8166 


1.4888 


10.367 


8.5580 


3.4 


11.560 


39.304 


1.8439 


1.6037 


10.681 


0.0792 


3.5* 


12.250 


42.875 


1.8708 


1.5183 


10.996 


9.6211 


3.6 


12.960 


46.656 


1.8974 


1.5826 


11.310 


10.179 


3.7 


13.690 


50.653 


1.9235 


1.5467 


11.624 


10.752 


8.8 


14.440 


54.872 


1.9494 


1.5605 


11.938 


11.841 


8.9 


15.210 


59.319 


1.9748 


1.6741 


12.252 


U.948 


4.0 


16.000 


64.000 


2.0000 


1.5870 


12.566 


12.588 


4.1 


16.810 


68.921 


2.0249 


1.6005 


12.881 


is.aB 


4.2 


17.640 


74.0S8 


2.0494 


1.6134 


13.196 
13.609 


13.864 


4.3 


18.490 


79.507 


2.0736 


1.6261 


14.622 


4.4 


19.360 


85.184 


2.0976 


1.6386 


13.823 


15.205 



%1% 



Square 


Oube 


Sq. 
root 


Oube 
root 


Olrole 


Oircumf 


Area 


20.250 


91.125 


2.1218 


1.6510 


14.137 


16.904 


21.160 


07.336 


2.1448 


1.6631 


14.451 


16.619 


22.090 


108.823 


2.1680 


1.6751 


14.765 


17.349 


23,040 


110.602 


2.1000 


1.6869 


15.080 


18.096 


24.010 


117.649 


2.2136 


1.6985 


16.894 


18.850 


25.000 


125.000 


2.2361 


1.7100 


16.708 


19.635 


26.010 


132.651 


2.2583 


1.7213 


16.022 


20.428 


27.040 


140.606 


2.2804 


1.7325 


16.336 


21.237 


28.000 


148.877 


2.3022 


1.7435 


16.650 


22.062 


29.160 


157.464 


2.3238 


1.7544 


16.065 


22.902 


80.250 


166.375 


2.3452 


1.7652 


17.279 


28.758 


81.860 


175.616 


2.3664 


1.7760 


17.593 


24.630 


32.490 


185.193 


2.3675 


1.7863 


17.907 


25.618 


83.640 


195.112 


2.4063 


1.7967 


18.221 


26.421 


84.810 


206.379 


2.4290 


1.8070 


18.536 


27.840 


86.000 


216.000 


2.4495 


1.8171 


18.860 


28.274 


87.210 


226.981 


2.4698 


1.8272 


19.164 


29.225 


88.440 


238.328 


2.4900 


1.8371 


19.478 


80.191 


89.690 


250.047 


2.5100 


1.8469 


19.792 


81.178 


40.960 


262.144 


2.5298 


1.8566 


20.106 


82.170 


42.250 


274.625 


2.5495 


1.8663 


20.420 


88.188 


43.560 


287.496 


2.5691 


1.8758 


20.735 


34.212 


44.890 


300.763 


2.5884 


1.8852 


21.049 


86.257 


46.240 


814.432 


2.6077 


1.8945 


21.363 


86.817 


47.610 


828.509 


2.6268 


1.9038 


21.677 


87.393 


49.000 


843.000 


2.6458 


1.9129 


21.991 


38.485 


50.410 


857.911 


2.6646 


1.9220 


22.305 


39.592 


61.840 


873.248 


2.6833 


1.9310 


22.619 


40.716 


63.290 


389.017 


2.7019 


1.9399 


22.934 


41.854 


54.760 


405.224 


2.7203 


1.9487 


23.248 


43.006 


66.250 


421.875 


2.7386 


1.9574 


23.662 


44.179 


67.760 


438.976 


2.7568 


1.9661 


23.876 


45.365 


60.290 


456.5.S3 


2.7749 


1.9747 


24.190 


46.566 


60.840 


474.552 


2.7929 


1.9832 


24.504 


47.784 


62.410 


493.039 


2.8107 


1.9916 


24.819 


49.017 


64.000 


512.000 


2.8284 


2.0000 


25.133 


60.266 


65.610 


531.441 


2.8461 


2.0083 


25.447 


51.530 


67.240 


551.468 


2.8636 


2.0165 


25.761 


52.810 


68.890 


571.787 


2.8810 


2.0247 


26.075 


54.106 


70.660 


502.704 


2.8983 


2.0328 


26.889 


55.418 


72.260 


614.125 


2.9155 


2.0408 


26.704 


66.745 


73.960 


636.056 


2.9326 


2.0488 


27.018 


68.068 


75.690 


658.503 


2.9496 


2.0567 


27.332 


69.447 


77.440 


681.473 


2.9665 


2.0646 


27.646 


60.821 


79.210 


704.969 


2.9833 


2.0724 


27.960 


62.2U 
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OlrclG 


No. 


Square 


Oube 


Sq. 
root 


Cube 
root 






Diam. 


Olrcuinf 


Area 


9.0 


81.000 


729.000 


3.0000 


2.0801 


28.274 


63.617 


9.1 


82.810 


753.571 


3.0166 


2.0878 


28.588 


65.039 


9.2 


84.640 


778.688 


3.0332 


2.0954 


28.903 


, 66.476 


9.3 


86.490 


804.357 


8.0496 


2.1029 


29.217 


67.929 


9.4 


88.360 


830.584 


3.0659 


2.1105 


29.531 


69.398 


9.5 


90.250 


857.375 


3.0822 


2.1179 


29.845 


70.882 


9.6 


92.160 


884.736 


3.0984 


2.1253 


30.159 


72.382 


9.7 


94.090 


912.673 


3.1145 


2.1327 


30.473 


73.898 


9.8 


96 :040 


941.192 


3.1305 


2.1400 


30.788 


75.430 


9.9 


98.010 


970.299 


3.1464 


2.1472 


31.102 


76.977 


10 


100.000 


1000.000 


3.1623 


2.1544 


31.416 


78.540 


11 


121.000 


1331.000 


3.3166 


2.2239 


34.558 


95.033 


12 


144.000 


1728.000 


3.4641 


2.2894 


37.699 


113.097 


13 


169.000 


2197.000 


3.6056 


2.3513 


40.841 


1.32.732 


14 


196.000 


2744.000 


3.7417 


2.4101 


43.982 


153.938 


15 


225.000 


3375.000 


3.8730 


2.4662 


47.124 


176.715 


16 


256.000 


4096.000 


4.0000 


2.5198 


50.265 


201.062 


17 


289.000 


4913.000 


4.1231 


2.5713 


53.407 


226.980 


18 


324.000 


5832.000 


4.2426 


2.6207 


56.549 


254.469 


19 


361.000 


6859.000 


4.3589 


2.6684 


59.690 


283.529 


20 


400.000 


8000.000 


4.4721 


2.7144 


62.832 


314.159 


21 


441.000 


9261.000 


4.5826 


2.7589 


65.793 


346.361 


22 


484.000 


10648.000 


4.6904 


2.8021 


69.115 


380.133 


23 


529.000 


12167.000 


4.7958 


2.8439 


72.257 


415.476 


24 


576.000 


13824.000 


4.8990 


2.8845 


75.398 


462.389 


25 


625.000 


15625.000 


5.0000 


2.9241 


78.540 


490.874 


26 


676.000 


17576.000 


5.0990 


2.9625 


81.681 


530.929 


27 


729.000 


19683.000 


5.1962 


3.0000 


84.823 


572.555 


28 


784.000 


21952.000 


5.2915 


3.0366 


87.965 


615.752 


29 


841.000 


24389.000 


5.3852 


3.0723 


91.106 


660.520 


30 


900.000 


27000.000 


5.4772 


3.1072 


94.248 


706.858 


31 


961.000 


29791.000 


5.5678 


3.1414 


97.389 


754.768 


32 


1024.000 


32768.000 


5.6569 


3.1748 


100.531 


801.248 


33 


1089.000 


35937.000 


5.7446 


3.2075 


103.673 


85).-299 


34 


1156.000 


39304.000 


6.8310 


3.2396 


106.841 


907.920 


35 


1225.000 


42875.000 


5.9161 


3.2710 


109.956 


962.113 


36 


1296.000 


46656.000 


6.0000 


3.3019 


113.097 


1017.88 


37 


1369.000 


50653.000 


6.0827 


3.8322 


116.239 


1075.21' 


38 


1444.000 


54872.000 


6.1644 


3.3620 


119.381 


1134. U 


39 


1521.000 


59319.000 


6.2450 


3.3912 


122.522 


1194.99 


40 


1600.000 


64000.000 


6.3246 


3.4200 


125.66 


1256.64 


41 


1681.000 


68921.000 


6.4031 


3.4482 


128.81 


1320.25 


42 


1764.000 


74088.000 


6.4807 


3.4760 


131.95 


1385.44 


43 


1849.000 


79507.000 


6.5574 


3.5034 


135.09 


1462.20 


44 


1936.000 


85184.000 


6.6333 


3.5303 


138.23 


1520.53 



^0 



?.0 













Ofrrffl 


Hfo, 


Square 


Cube 


Sq. 
root 


Cube 
root 






Oiam. 


Circumf 


Area 


45 


2025.000 


91125.000 


6.7082 


3.5569 


141.37 


1590.43 


46 


2116.000 


97336.000 


6.7823 


3.5830 


144.51 


1681.90 


47 


2209.000 


103823.000 


6.8557 


3.6088 


147.65 


1734.94 


48 


2304.000 


110592.000 


6.9282 


3.6.342 


150.80 


1809.56 


4& 


2401.000 


117649.000 


7.0000 


3.6593 


153.94 


1885.74 


50 


2500.000 


125000.000 


7.0711 


3.6840 


157.08 


1963.50 


51 


2601.000 


132651.000 


7.1414 


3.7084 


160.22 


2042.82 


52 


2704.000 


140606.000 


7.2111 


3.7325 


163.36 


• 2123.72 


53 


2809.000 


148877.000 


7.2801 


3.7563 


166.50 


2206.18 


54 


2916.000 


157464.000 


7.3485 


3.7798 


169.65 


2290.22 


55 


3025.000 


166375.000 


7.4162 


3.8030 


172.79 


2375.83 


56 


3136.000 


175616.000 


7.4833 


3.8259 


175.93 


2463.01 


57 


3249.000 


185193.000 


7.5498 


3.8485 


179.07 


2551.76 


58 


3364.000 


195112.000 


7.6158 


3.8709 


182.21 


2642.08 


59 


3481.000 


205379.000 


7.6811 


3.8930 


185.35 


2733.97 


60 


8600.000 


216000.000 


7.7460 


3.9149 


188.50 


2827.43 


61 


3721.000 


226981.000 


7.8102 


3.9365 


191.64 


2922.47 


62 


3844.000 


238328. OIK) 


7.8740 


3.9579 


194.78 


3019.07 


63 


3969.000 


250047.000 


7.9373 


3.9791 


197.92 


3117.25 


64 


4096.000 


262144.000 


8.0000 


4.0000 


201.06 


3216.99 


65 


4225.000 


274625.000 


8.0623 


4.0207 


204.20 


3318.31 


66 


4356.000 


287496.000 


8.1240 


4.0412 


207.34 


3421.19 


67 


4489.000 


300763.000 


8.1854 


4.0615 


210.49 


3525.65 


68 


4624.000 


314432.000 


8.2462 


4.0817 


213.63 


3631.63 


69 


4761.000 


328509.000 


8.3066 


4.1016 


216.77 


3739.28 


70 


4900.000 


343000.000 


8.3666 


4.1213 


219.91 


3848.45 


71 


5041.000 


357911.000 


8.4261 


4.1408 


223.05 


3959.19 


72 


5184.000 


373248.000 


8.4853 


4.1602 


226.19 


4071.50 


73 


5329.000 


389017.000 


8.5440 


4.1793 


229.34 


4185.39 


74 


5476.000 


405^'?,4.000 


8.6023 


4.1983 


232.48 


4300.84 


75 


6625.000 


421875.000 


8.6603 


4.2172 


235.62 


4417.86 


76 


5776.000 


438976.000 


8.7178 


4.2358 


238.76 


4536.46 


77 


5929.000 


456533.000 


8.7750 


4.2543 


241.90 


46)6.63 


78 


6064.000 


474552.000 


8.a318 


4.2727 


245.04 


4778.36 


79 


6241.000 


493039.000 


8.8882 


4.2906 


248.19 


4901.67 


80 


6400.000 


512000.000 


8.9443 


4.3089 


251.33 


5026.55 


81 


6561.000 


531441.000 


9.0000 


4.3267 


254.47 


5153.00 


82 


6724.000 


551368.000 


9.0554 


4.3445 


257.61 


5281.02 


83 


6889.000 


571787.000 


9.1104 


4.3621 


260.75 


5410.61 


84 


7056.000 


592704.000 


9.1652 


4.3795 


263.89 


5541.77 


85 


7225.000 


614125.000 


9.2195 


4.39C . 


267.04 


5674.50 


86 


7396.000 


636056.000 


9.2736 


4.4140 


270.18 


5808.80 


87 


7569.000 


658503.000 


9.3274 


4.4310 


273.32 


5944.68 


88 


7744.000 


681472.000 


9.3808 


4.4480 


276.46 


6082.12 


89 


7921.000 


704969.000 


9.4340 


4.4647 


279.60 


6221.14 
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No. 


Square 


Cube 


Sq. 
root 


Cube 
root 


Circle 


Diam. 


Oircumf 


Area 


90 


8100.000 


729000.000 


9.4868 


4.4814 


282.74 


6361.73 


91 


8281.000 


753571.000 


9.5394 


4.4979 


285.88 


6503.88 


92 


8464.000 


778688.000 


9.5917 


4.5144 


289.08 


6647.61 


93 


8649.000 


804357.000 


9.6437 


4.5307 


292.17 


6792.91 


94 


8836.000 


830584.000 


9.6954 


4.5468 


295.S1 


6939.78 


95 


9025.000 


857375.000 


9.7468 


4.5629 


298.45 


7088.22 


96 


9216.000 


884736.000 


9.7980 


4.5789 


301.59 


7238.28 


97 


9409.000 


912673.000 


9.8489 


4.5947 


304.73 


7389.81 


98 


9604.000 


941192.000 


9.8995 


4.6104 


307.88 


7542.96 


99 


9801.000 


970299.000 


9.9499 


4.6261 


3U.a2 


7697.69 


100 


10000.000 


1000000.000 


10.0000 


4.6416 


814.16 


7853.98 


105 


11025.000 


1157625.000 


10.2470 


4.7177 


329.87 


8659.01 


110 


12100.000 


1331000.000 


10.4881 


4.7914 


345.58 


9503.32 


115 


13225.000 


1520875.000 


10.7238 


4.8629 


861.28 


10386.88 


120 


14400.000 


1728000.000 


10.9545 


4.9324 


876.99 


11309.73 


125 


15625.000 


1953125.000 


11.1803 


5.0000 


892.70 


12271.85 


130 


16900.000 


2197000.000 


11.4018 


5.0658 


408.41 


13273.23 


135 


18225.000 


2460375.000 


11.6190 


5.1299 


424.12 


14313.88 


140 


19600.000 


2744000.000 


11 .8322 


5.1925 


439.82 


15393.80 


145 


21025.000 


3048625.000 


12.0416 


6.25S6 


455.53 


16513.00 


150 


22500.000 


3375000.000 


12.2474 


5.3183 


471.24 


17671.46 


155 


24025.000 


3723875.000 


12.4499 


6.3717 


486.95 


18869.19 


160 


25600.000 


4096000.000 


12.6491 


5.4288 


502.65 


20106.19 


165 


27225.000 


4492125.000 


12.8452 


5.4S48 


518.36 


21382.46 


170 


28900.000 


4913000.000 


13.0384 


5.5397 


634.07 


22606.01 


175 


30625.000 


5359375.000 


13.2188 


5.5934 


549.78 


24062.82 


180 


32400.000 


5832000.000 


13.4164 


5.6462 


565.49 


25446.90 


185 


34225.000 


6331625.000 


13.6015 


5.6980 


581.19 


26880.25 


190 


36100.000 


6859000.000 


13.7840 


5.7489 


696.90 


28352.87 


195 


38025.000 


7414875.000 


13.9642 


5.7989 


612.61 


29864.77 


200 


40000.000 


8000000.000 


14.1421 


5.8480 


628.32 


81415.93 


205 


42025.000 


8615125.000 


14 3178 


5.8964 


644.03 


83006.36 


210 


44100.000 


9261000.000 


14.4914 


5.9439 


659,73 


84636.06 


215 


46225.000 


9938375.000 


14.6629 


5.9907 


675.44 


86305.0? 


220 


48400.000 


10648000.000 


14.8324 


6.0368 


691.15 


88018.27 


225 


50625.000 


11390625.000 


15.0000 


6.0822 


706.86 


89760.78 


230 


52900.000 


12167000.000 


15.1658 


6.1269 


722.57 


41547.56 


235 


55225.000 


12977875.000 


15.3297 


6.1710 


738.27 


43373.61 


240 


57600.000 


13824000.000 


15.4919 


6.2145 


753.98 


45238.93 


245 


60025.000 


14706125.000 


15.6525 


6.2578 


769.60 


47143.62 


250 


62500.000 


15625000.000 


15.8114 


6.2996 


785.40 


49087.39 


255 


65025.000 


16581375.000 


15.9687 


6.3413 


801.11 


610T0.52 


260 


67600.000 


17576000.000 


16.1245 


6.3825 


816.81 


53092.92 


265 


70225.000 


18609625.000 


16.2788 


6.4232 


832.82 


55154.59 


270 


72900.000 


19683000.000 


16.4317 


6.4633 


848.28 


57255.58 



n^ 



No. 
Diam. 


Square 


Cube 


Sq. 
root 


Cube 
root 


CiTi 

Circumf 
863.94 


cle 
Arcu 


275 


75625.000 


20706875.000 


10.5831 


fl.5030 


59395.74 


280 


78400. UUO 


21952000.000 


16.7:ti2 


0.5421 


879.05 


61575.22 


2Ki 


81225.000 


231 49125. OIK) 


10.8H19 


6.5H08 


895.. 35 


6:}7!)3.!»7 


200 


84100.000 


2438(NJ00.0(X) 


17.0294 


6.6191 


911.06 


66051. !>9 


295 


87026.000 


25672375.000 


17.1750 


6.6569 


926.77 


68349. 2d 


800 


90000.000 


27000000.000 


17.3205 


6.0943 


042.48 


70685. &3 


805 


93025.000' 


2a-J72625.(KK) 


17.4(^2 


0.7.{13 


958.19 


73(XJ1.6') 


810 


96100.000 


29701()<)0.00() 


17.0068 


0.7679 


973.89 


75476.70 


315 


99225.000 


81255875.000 


17.7482 


6.8(m 


089.60 


77931.13 


820 


102400.000 


32708000.000 


17.8885 


6.8399 


1005.31 


80424.77 


825 


105625.000 


84328125.000 


18.0278 


6.8753 


1021.02 


82957. 6S 


830 


106900.000 


85937000.000 


18.1059 


6.9104 


1086.73 


85529.86 


835 


112225.000 


87505375.000 


18.:«)») 


6.M51 


1052.43 


88141.31 


840 


115600.000 


89304000. (KK) 


18.4391 


6.9795 


1068.14 


90792. OJ 


845 


119025.000 


41063625.000 


18.5742 


7.0136 


1063.85 


93482.02 


850 


122500.000 


42875000.000 


18.7083 


7.0173 


1099.56 


96211. 2S 


855 


120US25.OUO 


44738875. (K)0 


18.8414 


7.0807 


1115.27 


98979.81) 


860 


129600.000 


46056000.000 


18.9737 


7.1i;i8 


1130.97 


101787.60 


865 


133225.000 


48627125.000 


19.1050 


7.1466 


1146.68 


104634.67 


870 


136900.0')0 


60653000.000 


19.2354 


7.1791 


1162.39 


107521.01 


875 


140625.000 


52734375.000 


19.30*9 


7.2112 


1178.10 


110446.62 


880 


144400.000 


64872000.000 


lOAUm 


7.2432 


1193.81 


113411.49 


885 


148225.000 


57066625.000 


19.0214 


7.2748 


1209.51 


116415.61 


890 


152100.000 


59319000.000 


19.7481 


7.3001 


1225.22 


119459.06 


895 


1560?5.000 


61629875.000 


19.8746 


7.3372 


1240.93 


122541.75 


400 


160000.000 


64000000.000 


20.0000 


7.3681 


12:>e. CA 


12.566'?. 71 


405 


164025.000 


66430125.000 


20.1246 


7.'.iom 


1272.35 


128824.93 


410 


168100.000 


68921000.000 


20.24&5 


7.4290 


12H8.05 


13202.5.43 


415 


172225.000 


71473375.000 


20.3715 


7.45(X) 


1303.76 


135205.20 


420 


176400.000 


74088000.000 


20.4939 


7.4889 


1319.47 


138544.24 


425 


180025.000 


76765626.000 


20.6165 


7.5185 


13,35.18 


141862.54 


430 


184900.000 


79507000.000 


20.7:J64 


7.5478 


1350.88 


145220.12 


435 


1892*^5.000 


82312875.000 


20.8567 


7.5770 


VM>J)9 


148616.97 


440 


193600.000 


a'i 184000. 000 


20.9762 


7.60.-K) 


1382.30 


152053.08 


445 


198025.000 


88121125.000 


21.0950 


7.0346 


1398.01 


155528.47 


450 


202500.000 


91125000.000 


21.2132 


7.6631 


1413.72 


159043.13 


455 


207025.000 


94196375.000 


21.3:^7 


7.6914 


1429.42 


^k ^^ ^^ ^ ' ^ ^^ « V "^ 

162597.0.5 


460 


211600.000 


97ai6000.000 


21.4476 


7.7194 


1445.13 


1661 90. '>5 


465 


216225.000 


100544625.000 


2}.rm<) 


7.7473 


1460.84 


169822.72 


470 


220000.000 


103823000.000 


21.0795 


7.7750 


1470.55 


173494.45 


475 


225625.000 


107171875.000 


21.7045 


7.8025 


1492.26 


17720.5.46 


480 


230400.000 


110592000.000 


21.9089 


7.8297 


1507.96 


1809.55.74 


485 


285226.000 


114084125.000 


22.0227 


7.8508 


1523.67 


184715.28 


490 


240100.000 


117649000.000 


22.13.-)9 


7.8837 


1539.38 


188574.10 


495 


245026.000 


121287375.000 


22.2486 


7.9105 


1555.09 


192442.18 


600 


250000.000 


125000000.000 


22.3607 


7.9370 


1570.80 


196;{49.54 








n 









1 



TABLE 2. 
Trisomometrlc Fonctlona. 



Angle, 
degrees 


Sine 


Tangent 




Angle, 
degrees 


Sine 


Tangent 


0.0 


0.00000 


0.00000 


00.0 


47.5 


0.737*28 


1.0913 


2.5 


0.04362 


0.04362 


87.5 


50.0 


0.76604 


1.1917 


5.0 


0.08716 


0.08749 


85.0 


52.5 


0.79835 


1.3032 


7.5 


0.13053 


0.13165 


82.5 


55.0 


0.81915 


1.4281 


10.0 


0.17365 


0.17633 


80.0 


57.5 


0.84339 


1.5697 


12.5 


0.21644 


0.22169 


77.5 


60.0 


0.86603 


1.7321 


15.0 


0.25882 


0.26795 


75.0 


62.5 


0.88701 


1.9210 


17.5 


0.30071 


0.31530 


72.5 


65.0 


0.90631 


2.1445 


20.0 


0.34202 


0.36397 


70.0 


67.5 


0.92388 


2.4142 


22.5 


0.38263 


0.41421 


67.5 


70.0 


0.93969 


2.7474 


25.0 


0.42262 


0.46631 


65.0 


72.5 


0.95372 


3.1716 


27.5 


0.46175 


0.52057 


62.5 


75.0 


0.96593 


3.7321 


30.0 


0.50000 


0.57735 


60.0 


77.5 


0.97630 


4.5107 


32.5 


0.53730 


0.63707 


57.5 


80.0 


0.98481 


5.6713 


35.0 


0.57358 


0.70021 


55.0 


82.5 


0.99144 


7.5958 


37.5 


0.60876 


0.76733 


52.5 


85.0 


0.99619 


11.430 


40.0 


0.64279 


0.83910 


50.0 


87.0 


0.99663 


19.081 


42.5 


0.67559 


0.916.33 


47.5 


88.5 


0.99966 


38.188 


45.0 


0.70711 


1.0000 


45.0 


90.0 


1.0000 


Infinite 




Cosine 


Cotan- 
gent 


Angle, 
degrees 




Cosine 


Cotan- 
gent 



TABLE 3. 
Equivalents of Compound Units. 



1 lb. per sq. in. 



1 oz. per sq. In. 



1 In. of water at 62° F. 



r 27.71 In. of water at 62° P. 
I 2.0355 in. of mercury at 32' P. 
A 2.0416 In. of mercury at 62" P. 
i 2.3090 ft. of water at 62° P. 
^^1784. ft. of air at 32° P. 



-! 



0.1276 In. of mercury at 62° P. 
1.732 in. of water at 62° P. 

0.03609 lb. or .5574 oz. per s. in. 

5.196 lbs. per sq. ft. 

0.0736 in. of mercury at 62° P. 



1 in. of water at 32° P. = 



j 5.2021 lbs. per sq. ft. 
I 0.036125 lb. per sq. In. 



1 In. of mercury at 62° P. = 



I 



0.491 lb. or 7.86 oz. per sq. In. 
1.132 ft. of water at 62° P. 
13.58 in. of water at 62° P. 



1 ft. of afr Et 32° P. = 



j 0.0005606 lb. per sq. In. 

I 0.015534 in. of water at 62° P. 



Z%\. 



TABLE 4. 





Pvopertlea of Satnnited Steam.^ 




bsolute 


Tempera- 


Heat 


Heat of the 


Total 


88*re lbs. 


ture 


of the 


yaporlza- 


heat 


r sq. in. 


deg. F. 


liquid 


tion 


above 82^ 


1 


101.84 


69.8 


1084.7 


1104.5 


2 


126.16 


94.2 


1021.9 


1116.1 


8 


141.62 


109.6 


1012.2 


1121.8 


4 


153.00 


121.0 


1005.5 


1126.5 


6 


102.26 


130.8 


1000.0 


1180.8 


6 


170.07 


188.1 


995.5 


1138.6 


7 


176.84 


144.9 


991.4 


1136.3 


8 


182.86 


150.9 


987.8 


1138.7 


9 


188.27 


156.4 


984.5 


1140.9 


10 


193.21 


161.8 


981.4 


1142.7 


11 


197.74 


166.9 


978.6 


1144.5 


12 


201.95 


170.1 


976.0 


1146.1 


18 


205.87 


174.1 


973.6 


1147.7 


14 


209.55 


177.8 


971.2 


1149.0 


14.7 


212.00 


180.8 


969.7 


1160.0 


16 


213.08 


181.8 


969.1 


1150.4 


]6 


216.31 


184.6 


967.0 


1151.6 


17 


219.43 


187.8 


965.0 


1152.8 


18 


222.40 


190.8 


063.1 


1153.9 


19 


226.24 


198.7 


961.2 


1154.9 


20 


227.95 


106.4 


959.4 


1155.8 


21 


230.66 


199.1 


957.7 


1156.8 


22 


233.07 


201.6 


956.0 


1157.6 


23 


235.60 


204.1 


954.4 


1158.5 


24 


237.82 


206.4 


952.9 


1169.8 


25 


240.07 


208.7 


951.4 


1160.1 


26 


242.26 


210.9 


949.9 


1160.8 


27 


244.36 


213.0 


948.5 


1161.5 


28 


246.41 


215.1 


947.1 


1162.2 


29 


248.41 


217.2 


945.8 


1163.0 


30 


260.84 


219.1 


944.4 


1163.5 


81 


252.22 


221.0 


943.1 


1164.1 


32 


254.05 


222.9 


941.8 


1164.7 


33 


256.84 


224.7 


940.6 


1165.3 


34 


257.60 


226.5 


939.4 


1165.9 


35 


259.29 


228.2 


938.2 


1166.4 


36 


260.96 


229.9 


937.1 


1167.0 


87 


262.58 


231.6 


935.9 


1167.5 


38 


264.17 


233.2 


934.8 


1168.0 


39 


265.73 


234.8 


933.7 


1168.6 


40 


267.26 


236.4 


932.6 


1169.0 


41 


268.76 


237.9 


931.6 


1169.5 


42 


270.23 


239.4 


930.6 


1170.0 


43 


271.66 


240.8 


929.5 


1170.3 


44 


273.07 


242.8 


928.5 


1170.8 



'Condensed from Peabody's Steam Tables. 1911 Edition. 
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Absolute 


Tempera- 


Heat 


Heat of the 


Total 


press Ve lbs. 


ture 


of the 


vaporiza- 


heat 


per sq. In. 


deg. F. 


Uquid 


tion 


above 82° 


45 


274.46 


248.7 


927.6 


1171.2 


46 


275.82 


245.1 


926.6 


1171.7 


47 


277.16 


246.4 


925.6 


1172.0 


48 • 


278.47 


247.8 


924.7 


1172.5 


49 


279.76 


249.1 


. »28.8 


1172.9 


50 


281.03 


250.4 


922.8 


1173.2 


51 


282.28 


251.7 


921.9 


1173.6 


52 


283.52 


253.0 


921.0 


1174.0 


53 


284.74 • 


254.2 


920.1 


1174.3 


54 


285.93 


255.4 


919.8 


1174.7 


55 


287.00 


256.6 


918.4 


1175.0 


56 


288.25 


257.8 


917.6 


1176.4 


57 


289.40 


259.0 


916.7 


1176.7 


58 


290.53 


260.1 


915.9 


U76.0 


59 


291.64 


261.8 


915.1 


U78.4 


60 


292.74 


262.4 


914.3 


1178.7 


61 


293.82 


263.5 


913.5 


U77.C 


62 


294.88 


264.6 


912.7 


1177.8 


63 


295.93 


265.7 


911.9 


1177.6 


64 


296.97 


266.7 


911.1 


1177.8 


6.-) 


298.00 


267.8 


910.4 


1178.2 


66 


299.02 


268.8 


909.6 


1178.4 


67 


3(X>.02 


269.8 


908.9 


1178.7 


08 


301.01 


270.9 


908.1 


1179.0 


GU 


3U1.99 


271.9 


907.4 


1179.3 


70 


302.96 


272.9 


906.6 


1179.5 


71 


303.91 


273.8 


905.9 


1179.7 


72 


304.86 


274.8 


906.2 


1180.0 


73 


30.-). 79 


275.8 


904.5 


1180.3 


74 


306.72 


276.7 


903.8 


1180.5 


75 


307.64 


277.7 


903.1 


1180.8 


76 


308.54 


278.6 


902.4 


1181.0 


77 


309.44 


279.5 


901.8 


1181.3 


78 


310.33 


280.4 


901.1 


1181.5 


79 


311.21 


281.3 


900.4 


1181.7 


80 


312.08 


282.2 


899.8 


1182.0 


81 


312.94 


283.1 


899.1 


1182.2 


82 


313.79 


283.9 


898.5 


1182.4 


83 


314.G:{ 


284.8 


897.8 


1182 6 


84 


315.47 


285.7 


897.2 


1182.9 


8.-) 


316.30 


286.5 


896.6 


1183.1 


• 86 


317.12 


287.4 


895.9 


1183.3 


87 


317.93 


288.2 


895.3 


1183.5 


88 


318.73 


289.0 


804.7. 


1183.7 


89 


319.53 


289.9 


894.1 


1184.0 


90 


320.32 


290.7 


893.5 


1184.2 


91 


321.10 


291.6 


892.9 


1184.4 


92 


321.88 


292.3 


892.8 


1184.6 


93 


322.65 


293.1 


891.7 


1184.8 


. " / 


323.41 


. 29a .« 


y «av.i 


1185.0 






Absolute 


Tempera- 


Heat 


Heat of the 


Total 


-ess're lbs. 


ture 


of the 


vaporiza- 


heat 


!r sq. In. 


deg. F. 


Uquid 


tion 


Above 82* 


95 


324.16 


294.6 


890.5 


1186.1 


96 


324.91 


295.4 


889.9 


1185.8 


97 


325.66 


296.2 


889.3 


1186.5 


96 


826.40 


296.0 


888.7 


1185.6 


99 


327.13 


297.7 


888.2 


1185.9 


100 


327.86 


298.5 


887.6 


1186.1 


101 


828.58 


299.2 


887.0 


1186.2 


102 


329.80 


299.9 


886.5 


1186.4 


103 


330.01 


300.6 


885.9 


1186.5 


104 


830.72 


301.4 


885.3 


1186.7 


105 


331.42 


302.1 


884.8 


1186.9 


106 


332.11 


302.8 


884.3 


1187.1 


107 


332.79 


303.5 


883.7 


1187.2 


108 


333.48 


304.2 


883.2 


1187.4 


109 


834.16 


304.9 


882.6 


1187.6 


110 


834.83 


305.6 


882.1 


1187.7 


111 


335.50 


306.3 


881.6 


1187.9 


112 


836.17 


307.0 


881.0 


1188.0 


113 


836.83 


30T.7 


880.5 


1188.2 


114 


887.48 


308.3 


880.0 


1188.8 


115 


338.14 


809.0 


879.5 


1188.6 


116 


838.78 


309.7 


879.0 


1188.7 


117 


339.42 


310.3 


878.5 


1188.8 


118 


840.06 


311.0 


878.0 


1189.0 


119 


840.69 


311.7 


877.4 


1189.1 


120 


841.81 


812.3 


876.9 


1189.2 


121 


341.94 


812.9 


876.4 


1189.8 


122 


842.56 


313.6 


875.9 


1189.5 


123 


848.18 


814.2 


875.4 


1189.6 


124 


843.79 


814.8 


875.0 


1189.8 


125 


844.39 


315.5 


874.6 


1190.0 


126 


345.00 


316.1 


874.0 


1190.1 


127 


345.60 


316.7 


873.5 


1190.2 


128 


346.20 


317.3 


873.0 


119C.3 


129 


346.79 


317.9 


872.6 


1190.6 


130 


847.38 


318.6 


872.1 


1190.7 


131 


847.96 


319.2 


871.6 


1190.8 


132 


348.55 


319.8 


871.1 


1190.9 


133 


849.13 


320.4 


870.7 


1191.1 


134 


849.70 


320.9 


870.2 


1191.1 


135 


350.27 


321.5 


869.8 


1191.3 


136 


350.84 


322.1 


869.3 


1191.4 


137 


851.41 


822.7 


868.8 


1191.6 


138 


851.98 


323.3 


868.3 


1191.6 


139 


852.54 


323.9 


867.9 


1191.8 


140 


353.09 


324.4 


867.4 


1191.8 


141 


853.65 


325.0 


867.0 


1192 .0 


142 


854.20 


325.6 


^ ?l6fe.^ 


\ \^SfL.-V 


143 


554.75 


326.2 


\ «6fe.\ 


\ ^^sfL.^ 


144 1 


855.29 


326.7 


\ a6!5.^ 


\ YSSfL.^ 
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TABLE 5. 



e = 



Naperian liOfiraritlmui. 

2.7182818 Log e = 0.4342945 



= M. 



1.0 


0.0000 


4.1 


1.4110 


7.2 


1.9741 


1.1 


0.0953 


4.2 


1.4351 


7.3 


1.9879 


1.2 


0.1823 


4.3 


1.4588 


7.4 


2.0015 


1.3 


0.2624 


4.4 


1.4816 


7.6 


2.0149 


1.4 


0.3365 


4.5 


1.5041 


7.6 


2.0281 


1.6 


0.4055 


4.6 


1.5261 


7.7 


?.0412 


1.6 


0.4700 


4.7 


1.5476 


7.8 


2.0541 


1.7 


0.5306 


4.8 


1.5686 


7.9 


2.0669 


1.8 


0.5878 


4.9 


1.5892 


8.0 


2.0794 


1.9 


0.6419 


5.0 


1.6094 


8.1 


2.0919 


2.0 


0.6931 


6.1 


1.6292 


8.2 


2.1041 


2.1 


0.7419 


6.2 


1.6487 


8.3 


2.1163 


2.2 


0.7885 


6.3 


1.66Tr 


8.4 


2.1282 


2.3 


0.8329 


6.4 


1.6864 


8.5 


2.1401 


2.4 


0.8755 


6.5 


1 .7047 


8.6 


2.1518 


2.5 


0.9163 


6.6 


1 .7228 


8.7 


2.163S 


2.6 


0.9555 


6.7 


1.7405 


8.8 


2.1748 


2.7 


0.9933 


6.8 


1.7579 


8.9 


2.1861 


2.8 


1.0296 


6.9 


1.7750 


9.0 


2.1972 


2.9 


1.0647 


6.0 


1.7918 


9.1 


2.2063 


3.0 


1.0986 


6.1 • 


1.8083 


9.2 


2.2192 


3.1 


1.1312 


6.2 


1.8245 


9.3 


2.2300 


3.2 


1.1632 


6.3 


1.8405 


9.4 


2.2407 


8.3 


1.1939 


6.4 


1.8563 


9.5 


2.2513 


8.4 


1.2238 


6.5 


1.8718 


9.6 


2.2618 


8.5 


1.2528 


6.6 


1.88n 


9.7 


2.2721 


8.6 


1.2809 


6.7 


1.9021 


9.8 


2.2824 


8.7 


1.3083 


6.8 


1.9169 


9.9 


2.2925 


3.8 


1.3350 


6.9 


1.9315 


10.0 


2.3026 


8.9 


1.3610 


7.0 


1.9459 






4.0 


1.3863 


7.1 


1.9601 







TABLE 6. 
Water Conversion Factors.* 



U. S. gallons 

U. S. gallons 

U. S. gallons 

U. S. gallons 

Oublc inches of water 

Cubic inches of water 

Cubic inches of water 

Cubic feet of water 

Cubic feet of water 

Cubic feet of water 
Pounds of water 

Pounds of water 

Pounds of water 



X 


8.33 


= pounds. 


X 


0.13368 


= cubic feet. 


X 231.00000 


= cubic inches. 


X 


8.78 


= liters. 


(39.1°) X 


0.086024 


= pounds. 


(39.1°) X 


0.004329 


= U. S. gallons. 


(89.1°) X 


0.576384 


= ounces. 


(39.1°) X 


62.426 


= pounds. 


(39.1°) X 


7.48 


= U. S. gallons. 


(39.1°) X 


0.028 


= tons. 


X 


27.72 


= cubic Inches. 


X 


0.01602 


= cubic feet. 


X 


0.13 


= IT. S. gallons. 



'American Machinist Hand Book. 



TABLE 7. 

rolvai« and UTelfflit of Dry Air at Different Temperatures.* 

Tnder a constant atmospheric pressure of 29.92 inches of 
mercury, the volume at 32° F. beiner 1. 



Temp, 
deg. 7. 


Volume 


Weight 
percu. ft. 


Temp, 
deg. F. 


Volume 


Welifht 
percu. ft. 





.986 


.0864 


600 


1.954 


.0413 


19 


.960 


.0849 


fir)2 


2.0,VJ 


.0385 


29 


.980 


.0624 


600 


2.150 


.0376 


83 


l.OOO 


.0807 


650 


2.230 


.0357 


42 


l.OfiO 


.0791 


700 


2.369 


.0838 


» 


i.oa 


.0776 


750 


9.465 


.0828 


68 


1.061 


.0761 


800 


2.5G6 


.0315 


72 


1.069 


.0747 


830 


2.608 


.0303 


89 


1.109 


.0733 


900 


2.770 


.0292 


99 


1.129 


.0720 


950 


2.871 


.0281 


109 


1.148 


.0707 


1000 


2.974 


.0268 


119 


1.168 


.0694 


1100 


3.177 


.0254 


129 


1.184 


.0682 


1200 


3.381 


.0239 


189 


1.204 


.0671 


1300 


3.564 


.0225 


149 


1.224 


.0669 


1400 


8.788 


.0213 


169 


1.245 


.0649 


1500 


3.993 


.0202 


169 


1.265 


.0638 


1600 


4.196 


.0192 


172 


1.285 


.0628 


170O 


4.409 


.0183 


189 


1.306 


.0618 


1800 


4.605 


.0176 


199 


1.826 


.0609 


1900 


4.806 


.0168 


202 


1.847 


.0600 


2000 


5.012 


.0161 


212 


1.86T 


.0591 


2100 


5.217 


.0156 


230 


1.404 


.0575 


2200 


6.420 


.0149 


250 


1.444 


.0559 


2300 


6.625 


.0142 


275 


1.495 


.0540 


2400 


6.827 


.0138 


800 


1.546 


.0522 


2500 


6.032 


.0133 


825 


1.607 


.0606 


2600 


6.236 


.0130 


850 


1.648 


.0400 


2700 


6.440 


.0125 


875 


1.689 


.0477 


2800 


6.644 


.0121 


400 


1.750 


.0461 


200O 


6.847 


.0118 


450 


1.852 


.0436 


3000 


7.051 


.0114 



*SupIee's M. £. Reference Book. 
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TABLE 8. 

'Welarlit of Pure 'Wnier per Cnble Foot at VarloiM 

Temperatures.* 



Temp, 


Weight 


B. t. U. 


Temp. 


Weight 


B. t. U. 


deg. 


lbs. per 


per pound 


deg. 


lbs. per 


per pound 


P. 


cu. ft. 


above 32 


P. 


eu. ft. 


above 32 


32 


62.42 


0.00 


77 


62.26 


45.04 


33 


62.42 


1.01 


78 


62.25 


46.04 


34 


62.42 


2.02 


79 


62.24 


47.04 


35 


62.42 


8.02 


80 


62.23 


48.03 


36 


62.42 


4.03 


81 


62.22 


49.03 


87 


62.42 


5.04 


82 


62.21 


50.03 


88 


62.42 


6.04 


83 


62.20 


51.02 


89 


62.42 


7.05 


84 


62.19 


52.02 


40 


62.42 


8.05 


85 


62.18 


53.02 


41 


62.42 


9.06 


86 


62.17 


54.01 


42 


62.42 


10.06 


87 


62.16 


55.01 


43 


62.42 


11.06 


88 


62.15 


56.01 


44 


62.42 


12.06 


89 


62.14 


57.00 


45 


62.42 


13.07 


90 


62.13 


58.00 


46 


62.42 


14.07 


91 


62.12 


59.00 


47 


62.42 


15.07 


92 


62.11 


60.00 


48 


62.41 


16.07 


93 


62.10 


60.99 


49 


62.41 


17.08 


94 


62.09 


61.99 


50 


62.41 


18.08 


95 


62.08 


62.99 


51 


62.41 


19.08 


96 


62.07 


63.98 


52 


62.40 


20.08 


97 


62.06 


64.98 


53 


62.40 


21.08 


98 


62.05 


65.98 


54 


62.40 


22.08 


99 


62.03 


66.97 


55 


62.39 


23.06 


100 


62.02 


67.97 


56 


62.39 


24.08 


101 


62.01 


68.97 


57 


62.39 


25.03 


102 


62.00 


69.96 


58 


62.38 


26.08 


103 


61.99 


70.96 


59 


62.38 


27.08 


104 


61.97 


71.96 


60 


62.37 


28.08 


105 


61.96 


72.95 


61 


62.37 


29.08 


106 


61.95 


73.95 


62 


62.36 


30.08 


107 


61.93 


74.95 


63 


62.36 


31.07 


108 


61.92 


75.95 


64 


62.35 


32.07 


109 


61.91 


76.94 


65 


62.34 


33.07 


110 


61.89 


77.94 


66 


62.34 


34.07 


111 


61.88 


78.94 


67 


62.33 


35.07 


112 


61.86 


79.93 


68 


62.33 


36.07 


113 


61.85 


80.93 


69 


62.32 


37.06 


114 


61.83 


81.93 


70 


62.31 


38.06 


115 


61.82 


82.92 


71 


62.31 


39.06 


116 


61.80 


83.92 


72 


62.30 


40.05 


117 


61.78 


84.92 


73 


62.29 


41.05 


118 


61.77 


85.92 


74 


62.28 


42.05 


119 


61.75 


86.91 


75 


62.28 


43.05 


120 


61.74 


87.91 


76 


62.27 


44.04 


121 


61.72 


88.91 



*Kent'8 M. £. Pocket-Book. 8th Edition. 
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Temp. 


Weight 


B. t. U. 


Temp. 


Weight 


B. t. u. 


deg. 


lbs. per 


per pound 


deg. 


lbs. per 


per pound 


F. 


cu. It. 


above 32 


P. 


cu. It. 


above 32 


122 


61.70 


89.91 


167 


60.83 


134.86 


123 


61.68 


90.90 


168 


60.81 


185.86 


124 


61.67 


91.90 


169 


60.79 


136.86 


125 


61.65 


92.90 


170 


60.77 


137.87 


. 126 


61.63 


93.90 


171 


60.75 


138.87 


127 


61.61 


94.89 


172 


60.73 


139.87 


128 


61.60 


95.89 


173 


60.70 


140.87 


129 


61.58 


96.89 


174 


60. 6S 


141.87 


130 


61.56 


97.89 


175 


60.66 


142.87 


131 


61.54 


98.89 


176 


60.64 


143.87 


132 


61.52 


99.88 


177 


60.62 


144.88 


133 


61.51 


100.88 


178 


60.59 


145.88 


134 


61.49 


101.88 


179 


60.57 


146.88 


135 


61.47 


102.88 


180 


60.55 


147.88 


138 


61.45 


103.88 


181 


60.53 


148.88 


137 


61.43 


104.87 


182 


60.50 


149.89 


138 


61.41 


105.87 


183 


60.48 


150.89 


13tf 


61.39 


106.87 


184 


60.46 


151.89 


140 


61.37 


107.87 


185 


60.44 


152.89 


141 


61.86 


108.87 


186 


60.41 


153.89 


142 


61.34 


109.87 


187 


60.39 


154.90 


143 


61.32 


110.87 


188 


60.37 


155.90 


144 


61.30 


111.87 


189 


60.34 


156.90 


145 


61.28 


112.86 


190 


60.32 


157.91 


146 


61.26 


113.86 


191 


60.29 


158.91 


147 


61.24 


114.86 


192 


60.27 


159.91 


148 


61.22 


115.86 


193 


60.25 


160.91 


149 


61.20 


116.86 


194 


60.22 


161.92 


150 


61.18 


117.86 


195 


60.20 


162.92 


151 


61.16 


118.86 


196 


60.17 


163.92 


1S2 


61.14 


119.86 


197 


60.15 


164.93 


153 


61.12 


120. 8C 


198 


60.12 


165.93 


154 


61.10 


121.86 


199 


60.10 


166.94 


155 


61.08 


122.86 


200 


60.07 


167.94 


156 


61.06 


123.86 


201 


60.05 


168.94 


157 


61.04 


124.86 


202 


60.02 


169.95 


158 


61.02 


125.86 


203 


60.00 


170.95 


159 


61.00 


126.86 


201 


59.97 


171.96 


160 


60.98 


127.86 


205 


59.95 


172.96 


161 


60.96 


128.86 


206 


59.92 


173.97 


162 


60.94 


129.86 


207 


59.89 


174.97 


163 


60.92 


130.86 


208 


5y.87 


175.98 


164 


60.90 


131.86 


209 


■ 59.84 


176.98 


165 


60.87 


132.86 


210 


59.82 


177.99 


166 


60.85 


133.86 


211 


59.79 


178.99 








212 


59.76 


180. 
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TABLE d. 
Bolllnx Point of 'Wnter at Different Hel^hta of Vacnnm. 





Height of 




Height of 


Temp. 


mercury in 


Temp. 


mercury in 


F. 


vacuum tube 


F. 


vacuum tube 




in inches 




in inches 


212.0 


0.00 


175.8 


16.00 


210.3 


1.00 


172.6 


17.00 


206.5 


2.00 


169.0 


18.00 


206.8 


3.00 


165.3 


19.00 


204.8 


4.00 


161.2 


20.00 


202.9 


5.0O 


156.7 


21.00 


200.9 


6.00 


151.9 


22.00 


199.0 


7.00 


146.5 


23.00 


196.7 


8.00 


140.3 


24.00 


194.5 


9.00 


133.3 


25.00 


192.2 


10.00 . 


124.9 


26.00 


189.7 


11.00 


114.4 


27.00 


187.3 


12.00 


106.4 


28.00 


184.6 


13.00 


102.0 


29.00 


181.3 


14.00 


98.0 


29.92 


178.9 


15.00 







TABLE 10. 
Weight of \l^ater with Air per Cubic Foot at Different 
Temperatures and at Saturation. 



Ph 




Ph 




Ph 


at 


^ 


•k 


Ph 


•k 


• 


m> 


• 

a 
B 




• 

a 
S 


0) 09 


• 

a 
B 


Q) 09 


• 

i 


rt to 
0) 09 


• 

i 


to o 
v si 


• 

i 


U 


—20 


0.106 


2 


0.529 


24 


1.483 


46 


3.539 


68 


7.480 


90 


14.790 


—19 


0.174 


3 


0.554 


25 


1.551 


47 


3.667 


69 


7.726 


91 


15.234 


—18 


0.184 


4 


0.582 


26 


1.623 


48 


3.800 


70 


7.980 


92 


15.689 


—17 


0.196 


5 


0.610 


27 


1.697 


49 


3.936 


71 


8.240 


93 


16.155 


—16 


0.207 


6 


0.639 


28 


1.773 


50 


4.076 


72 


8.508 


94 


16.634 


—15 


0.218 


7 


0.671 


29 


1.853 


51 


4.222 


73 


8.782 


95 


17.1-24 


—14 


0.231 


8 


0.704 


SO 


1.935 


52 


4.372 


74 


9.066 


96 


17.626 


—13 


0.243 


9 


0.739 


31 


2.022 


53 


4.526 


75 


9.356 


97 


18.U2 


—12 


0.257 


10 


0.776 


32 


2.113 


54 


4.685 


76 


9.655 


98 


18.671 


—11 


0.270 


11 


0.816 


33 


2.194 


55 


4.849 


77 


9.962 


99 


19.212 


—10 


0.285 


12 


0.856 


34 


2.279 


56 


5.016 


78 


10.277 


100 


19.766 


— 9 


0.300 


13 


0.898 


35 


2.366 


57 


5.191 


79 


10.601 


101 


20.3)5 


— 8 


0.316 


14 


0.941 


36 


2.457 


58 


5.370 


80 


10.934 


102 


21.017 


>T 


0.832 


15 


0.986 


37 


2.550 


59 


5.555 


81 


11.275 


103 


21.514 


— 6 


0.350 


16 


1.032 


38 


2.646 


60 


5.745 


82 


11.626 


104 


22.125 


— 5 


0.370 


17 


1.080 


39 


2.746 


61 


5.941 


83 


11.987 


105 


22.750 


— 4 


0.389 


18 


1.1-28 


40 


2.849 


62 


6.142 


84 


12.356 


106 


23.3!fi 


— 3 


0.411 


19 


1.181 


41 


2.955 


63 


6.349 


85 


12.786 


107 


24.M8 


9 


0.434 


20 


1.235 


42 


3.064 


64 


6.563 


86 


13.127 


106 


24.720 


— i 


0.457 


21 


1.294 


43 


3.177 


65 


6.782 


87 


13.526 


109 


26.408 





0.481 


22 


1.355 


44 


3.294 


66 


7.009 


88 


13.937 


110 


26.112 


1 


0.505 


23 


1.418 


45 


3.414 


67 


7.241 


89 


14.359 
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TABLE IJ, 
■ of Atr AeeordlBK to Its Hysntmetrle State.' 







Belallye moisture 


" 


00% 


80% 


70% 


ao% 


50% 


c. 


T. 


C. 


P. 


o. 


p. 


0. 


P. 


c. 
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F. 
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IS 
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At.i 
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a a. Int. An'D ol Be&lc. 

PBTekronutrle CIurtB Recent TeatM. 

In recent years a highly technical atudy of humidity 
and Ita control has been made by Mr. Willis H. Carrier. Pie. 
A shows, merely [or the sake of comiHtrlson. how cloBely Ills 
_ results checked the earlier 

values obtained by the Gov- 

followlng charts, Figa B and 
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~ ■• ■" " ».;'b^J' " ■" " Pig, c Is a part of Fig. B 

Vlg, A. drawn to a larger scale. 

As one Illustration of the use of the chart, refer to FIk 
C with air at 40 degrees and 40 per cent, humidity. If this 
air be heated to 100 degrees without addition of moisture 
It will be seen by interpolation that the humldHy drops 
to about 8 per cent. If the same be heated to 100 degrees 
and enoufch moisture be added to keep the relative humid- 
ity at 40 per cent., then the absolute humidity changes from 
IE sralns to 130 grains per pound of air. These figures 
may be reduced to grains per cubic foot by dividing by Uio 
volume per pound as given In the second column and will 
be found to check closely with those given bv ¥^6. '\ a,^*. 
Table 9. Almost any other points rela.\.\ns I.0 c.'oaiitea Vn. 
rolame. humtdlty and contained heait ma.v ^e eaaU^ -jmTVs-a 
o^( fij- .(fi«e curves. jjg 
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TABLE 14. 
Fuel Valae of American Coahi.* 



Goal 
Name or locality 



ARKANSAS. 

Spadra, Johnson Co 

Coal Hill, Johnson Co 

Huntinsrton Co. 

Llgmlte 

COLORADO. 

Lignite 

Lignite, slack 

ILLINOIS. 

Bigr Muddy, Jackson Co 

Colchester, Slack _— 

Gillespie, Macoupin Co 

Mercer Co. ; 

INDIANA. 

Block 

Cannel 

IOWA. 

Good cheer 

KENTUCKY. 

Caking- 

Cannel 

Lignite 

MISSOURI. 

Bevier Mines - 

NEW MEXICO. 

Coal — 

OHIO. 
Briar Hill, Mahoning Co — 

Hocking Valley 

PENNSYLVANIA. 

Anthracite 

Anthracite, pea 

Pittsburgh (average) 

Youghiogheney 

TEXAS. 

Fort Worth 

Lignite 

WEtST VIRGINIA. 

Pocahontas 

New River 



Fuel value per pound 
of coal. 









14,420 

9,215 

13,560 
8,500 



14,020 
13,097 



14,391 

15,198 

9,326 



13,714 
13,414 

14,199 
12,300 



12,962 
14,200 



-MO 



11,812 
11,756 



11,781 
9,035 
9.739 

13,123 



8,708 



9,890 

11,766 



13,104 
12,936 

9,460 
14,273 



9iO 



id M 

Co ® 



14.90 

12.22 

12.17 

9.64 

14.04 
8.8) 

12.19 

9.35 

10.09 

13.58 

14.50 
13.56 

9.01 

14.89 

16.76 

9.(K> 

10.S4 

12.17 

14.20 
13.90 

14.70 
12.78 
13.46 
13.89 

9.78 
13.41 

14.71 
14.70 



'StuTtevanVs "Mechanical Dratt." 
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TABLE IS. 
CavaelllM of Chlmaera.* 
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TABLE 16. 
of Smoke Clnen — Commerctnl : 
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TABLE 17. 
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EffBCtHe 






Size ol 
opening. 


area of 
opening 


area or 
opening 


Tin boi slue dimensions ol 
Inoliea register lace, 




mchea 
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81 










80 


1 i -v. 








S8 


1 <clil lltlilUI 


lOxlB 


IW 
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£71 X >7 
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an for Tuttle & Bailey u 
■me Model Boiler Mtmua 



vary slightly. Tde alW 



TA3LE 18. 



^:?apaeltle0 of 'Wamt Air Furnaces of Ordinary Oonatmctlon In 

Cubic Feet of Space Heated.* 



Divided space 


Fire-pot 


Undivided space 


+10° 


0° 


—10° 


Dtam. 


Area 


+10° 


0° 


—10° 


12000 


10000 


8000 


18 in. 


1.8 sq. ft. 


17000 


14000 


12000 


14000 


12000 


10000 


20 •* 


2.2 


22000 


17000 


14000 


17000 


14000 


12000 


22 •• 


2.6 •• 


26000 


22000 


17000 


22000 


18000 


14000 


24 •• 


8.1 


80000 


26000 


22000 


26000 


22000 


18000 


26 •• 


8.7 •• 


85000 


80000 


26000 


80000 


26000 


22000 


28 •• 


4.8 


40000 


85000 


80000 


86000 


80000 


26000 


80 •• 


4.9 


50000 


40000 


85000 



TABLE 19. 
Capacities of Hot-Air Pipes and Regristers.t 





a 


a *^ 


of 
first 
will 


a 
o 


a 

o 


& 


gfe 


00 








ent ar 
r lead 


H 

8^ 


lag 


feet 
floor. 


feet 
cor. 


o 

J 

CQ 


Equivali 
round o 
pipe. 


Bquival 

square 

pipe. 


Cubic 
space 
floor 81 
heat. 


Cubic 
second 


Cubic 
third fl 


6x8 


6 in. 


4x8 


400 


450 


600 


8x8 


7 " 


4x10 


450 


500 


560 


8x10 


8 " 


4x10 


600 


850 


880 


8x12 


8 " 


4x11 


800 


1000 


105O 


»xl2 


9 " 


4X12 


1050 


1250 


1320 


0X14 


9 " 


4x14 


1050 


1350 


1460 


10x12 


10 *• 


4x14 


1500 


1650 


1800 


10x14 


10 " 


6x10 


1800 


2000 


2200 


10x16 


10 " 


6x10 


1800 


200O 


2200 


12x14 


12 " 


6x12 


2200 


2300 


2500 


12x15 


12 " 


6x12 


2250 


2300 


2600 


12x17 


12 " 


6x14 


2300 


2600 


2800 


12X19 


12 " 


6x14 


2300 


260O 


2800 


14x18 


14 " 


6x16 


2800 


3000 


8200 


14x20 . 


14 *• 


6x16 


2900 


8000 


3200 


14x22 


14 " 


8x16 


3000 


3200 


3400 


10x20 


16 " 


8x18 


3600 


4000 


4250 


16X24 


16 " 


8x18 


8700 


4000 


4260 


20x24 


18 " 


10x20 


480O 


6400 


6750 


20X26 


20 " 


10x24 


6000 


7000 


7450 
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TABLE 20. 
Air Heating Capaelty of 'Warm Air Faraaees.* 



Fire-pot 


Casing 


Total 

cross sec. 

area of 

heat 

pipes 


No. and size of heat pipes that 
may be supplied 


Diam 


Area 


Diam. 


180 sq. In. 
280 " 
360 " 
470 " 
565 « 
650 " 
730 " 


• 


18 in. 
20 •• 
22 " 
24 " 
26 " 
28 " 
30 " 


1.8 sq. It. 

2.2 " 

2.6 " 
3.1 •* 

3.7 « 

4.3 •* 

4.9 " 


30*-32* 
34^-36'' 
36*'-40" 
40*-44* 
44''-50«' 
48''-56* 
52*-60» 


3-0* or 4-8* 

2-10* and 2-9^ or 3-9^ and 2-8" 
3-10» and 2-9* or 4-9^ and 2-8' 
3.10», 1-9* and 2-8* or 2-10* and 5-8» 
5-10* and 8-9" or S-10», 4-9* and 2-8* 
2-12*', 8-lO» and 8-9" or 5.10", 3-9* and 2^ 
3-12", 3-10" and 3-9" or 5-10*, 5^' andl-S' 



TABLE 21. 

Sectional Area (Square Inches) of Vertical Hot Air Floe0> 

Natural Draft, Indirect Syatem.t 

Outside temperature 50** F. Flue temperature 90" F. 



Sq. ft. 


STEAM 




WATER 




















cast iron 




po 




43 




•o 




5 


radiation 


to u, 


O M 


S^ 


3 "« 


^t 


O U 


s& 


PS 






SJ2 
cots 




o o 


ii o 


go 

QC 00 


E^ (0 




to 50 


100 


75 


63 


60 


75 


63 


60 


GO 


50 " 75 


150 


113 


94 


80 


113 


94 


80 


80 


75 " 100 


200 


150 


125 


100 


150 


125 


100 


100 


100 " 125 


250 


188 


156 


125 


188 


156 


125 


125 


125 " 150 


300 


225 


188 


150 


225 


188 


150 


150 


150 " 175 


350 


263 


219 


175 


263 


219 


175 


175 


175 " 200 


400 


300 


250 


200 


300 


250 


200 


200 


20O " 225 


450 


338 


281 


225 


338 


281 


225 


225 


225 " 250 


500 


375 


313 


250 


375 


313 


250 


250 


250 " 275 


550 


413 


344 


275 


413 


344 


275 


275 


275 " 300 


600 


450 


375 


300 


450 


375 


300 


300 


300 " 325 


650 


488 


406 


325 


488 


406 


325 


325 


325 " 350 


700 


525 


438 


350 


525 


438 


350 


850 


350 " 375 


750 


563 


469 


375 


663 


469 


375 


875 


375 •' 400 


800 


600 


600 


400 


600 


500 


400 


400 


Velocity 


















feet per sec. 


2% 


4^ 


5% 


6% 


1% 


2^ 


4 


4 


Effective area 


















of register. 


1.00 


1.50 


1.83 


2.17 


1.00 


1.00 


1.33 


1.83 


Factor for 
















^ 



•Federal Furnace Leagrue Handbook. 
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TABLE 22. 
Sheet Metal DfrnenaioBa and IVelirlita. 





Approximate 


Wt. per sq 


. ft. In lbs. 




t>eclmal 


Iron 


Steel 


U. S. gage 


S'age 


millimeters 


480 lbs. per 


489.6 lbs. per 


numbers 






eu. ft. 


cu. ft. 


• 


O.002 


0.05 


0.08 


0.082 




O.0()4 


0.10 


0.16 


0.163 




O.006 


0.15 


0.24 


0.245 


38-39 


O.006 


0.20 


0.32 


0.326 


34-35 


O.OIO 


0.25 


0.40 


0.408 


82 


O.012 


0.80 


0.48 


0.490 


80-81 


O.014 


0.36 


0.56 


0.571 


29 


©.016 


0.41 


0.64 


0.653 


27-28 


0.018 


0.46 


0.72 


0.734 


26-27 


O.020 


0.51 


0.80 


0.816 


25-26 


0.022 


0.56 


0.88 


0.898 


25 


O.025 


0.64 


1.00 


1.020 


24 


0.028 


0.71 


1.12 


1.142 


23 


0.0J2 


0.81 


1.28 


1.306 


21-22 


0.036 


0.91 


1.44 


1.469 


20-21 


0.040 


1.02 


1.60 


1.632 


19-20 


0.045 


1.14 


1.80 


1.836 


18-19 


0.050 


1.27 


2.00 


2.040 


18 


" 0.055 


1.40 


2.20 


2.244 


17 


0.060 


1.52 


2.40 


2.448 


16-17 


0.065 


1.65 


2.60 


2.652 


15-16 


0.070 


1.78 


2.80 


2.856 


15 


0.075 


1.90 


3.00 


3.060 


14-15 


0.060 


2.08 


3.20 


3.264 


13-14 


0.085 


2.16 


3.40 


3.468 


13-14 


0.090 


2.28 


3.60 


3.672 


13-14 


0.095 


2.41 


3.80 


3.870 


12-13 


0.100 


2.54 


4.00 


4.080 


12-13 


0.110 


2.79 


4.40 


4.488 


12 


0.125 


3.18 


5.00 


5.100 


11 


0.135 


8.43 


5.40 


5.508 


10-11 


0.150 


3.81 


6.00 


6.120 


9-10 


0.165 


4.19 


6.60 


6.732 


8-9 


0.180 


4.57 


7.20 


7.344 


7-8 


0.200 


5.08 


8.00 


8.160 


6-7 


0.220 


5.59 


8.80 


8.976 


4-5 


0.240 


6.10 


9.00 


9.792 


3-4 


0.250 


6.35 


10.00 


10.200 


3 













For weights of galvanized iron, multiply weight, black, by:— 
No. 28 No. 26 No. 24 No. 22 No. 20 No. 18 No. 16 



1.25 



1.21 



1.16 



1.13 



1.11 



1.08 



1.07 
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TABLE 24. 



Mm Hiemtth OoellleleBta of Bxpanalon, CoefllcleBta of Tra 
iMf amd Fiialiiir-PolBta of Solldn, lilqolda or Gaaea.* 







•M 


«M 


«^ 









a 


■** 






a a 


C CO 


a 






Q) O 


V ca 


Q, 


naSTANOE 




5 « 
Jm a 


51 


« 




Is 

CCX3 


o2 


«2 

0^3 




ony 


0.0508 


.00000602 


.00022 


815 


r 


0.0951 


.00000955 


.00404 


1949 




0.0324 


.00001060 




1947 


|lit Iron 


0.1138 


.00000895 


.00089 


2975 


„„ 


0.1937 


.00000478 


.0000008 


1832 


Inm 


0.1298 


.00000618 


.000659 


2192 


^ 


0.0314 


.00001580 


.00045 


621 


lUQ «______ ___ 


0.0324 
0.0570 


.00000530 
.00001060 


'0O6IO" 


3152 


„ 


1751 




0.0562 


.00001500 


.00084 


446 


(■Oft) 


0.1165 


.00000600 


.00062 


2507 


Omid) 


0.1175 


.00000689 


.00034 


2507 


•teel 86%..-__ 




.00000003 


. — — — _ *_ « 


. — — * 




0.0956 


.00001633 


.00170 


787 




0.0939 
0.5040 


.00001043 
.00000375 


.00142 
.000024 


1859 




32 


w „ 


0.2026 
0.2410 
0.1970 


.00006413 
.00007860 
.00002313 


1006002' 
.00203 




Ml 




nnn 


1213 


horos 


0.1887 


.00012530 





^ ■■^a* 




1.0000 
0.0333 
0.7000 


.00008806 
.00003333 
.00015151 


.000008 

.00011 

.000002 




tf . 




M (absolute )— 






L 


Con- 
stant 
pres- 
sure 


Con- 
stant 
volume 


Coefficient 
of cubical ex- 
pansion at 1 
atmos. 






r 


0.23751 

0.21751 

3.40900 

0.24380 

0.4805 

0.2170 


0.16847 

0.15507 

2.41226 

0.17273 

0.346 

0.1535 


.003671 
.003674 
.003669 
.003608 
.003726 


.0000015 
.0000012 
.0000012 
.0000012 

"00060122 




et: ::::::::::: 




igcn __ 




Ml 




IMted steam.. 
oie acid 












and Suplee. 
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TABLE as. 
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ll 


III 


iili 


1 




jlll 


A 


1 


No. as 


S 


aite 


7: 
38:1 


!:i 


1.5 


No. 20 

i.oa 


i 

it 
a 

46 


IK 




H94! 

lOTl. 


II 

18.7 

iil 


18 

1* 
IBS 




o.'si 


li 


31 :« 

13!d8 


SI 

Si 

153.0 


3:i 


4.S 

i'.t 
5.9 

10.4 






No. IS 
2.16 


47 

48 

K 

£2 
B3 




isBs: 

9463! 


S4-4 

3a'B 




No. 25 


w 


eoisB 


BS3.6 
314.3 


4.B 


13-E 

Is 


Iu7 
16f 
18S 




981 

11! 




NO: 21 


SI 
23 
2n 


65.87 

72!2e 

81.68 


Si 

KW-I 


a> 


313 




No. 22 


27 

20 


84.82 


oait.s 
B07;i 

Dfl2.] 


13 :b 


«4.'e 

li 

fl4.3 


■?»■■ 


i 


I'M 
31! 

m 


I 
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48.7 
46 1 

S;i 

S5.1 


w 
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TABLE as. 



CermpoBdIaK * 
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b.au 


b.Stt 




6.37 


6.42 


6.1B 


b.W 


b.«, 


6.66 


!,.,a 
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TABLE 28. 
Bxpanslon of IVronsht-Iron Pipe on the Application of Heat.* 



Temp, air 

when 

pipe 

is fitted 



Deg. F. 



Increase in length in inches per 100 feet 
when heated to 



160 



180 



200 



212 



220 



228 




32 

60 
70 



240 



274 
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1.82 
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1.02 
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1.66 


.88 


1.04 


1.20 


1.30 


1.36 


1.42 


1.53 


.72 


.88 


1.04 


1.14 


1.20 


1.26 


1.36 



2.19 
1.94 
1.79 
1.68 



TABLE 29. 
Tapping: liist of Direct Radlators.f 

STEAM. 



ONE-PIPE WORK. 


TWO-PIPE WORK. 


Radiator area 
square feet 


Tapping diam- 
eter—inches 


Radiator area 
square feet 


Tapping diam- 
eter—inches 


0—24 

24—60 

60 — 100 

lOO and above 


1 
2 


— 48 
48 — 96 
96 and above 


1 x% 

iy4xi 

l%xl% 



WATER. 

Tapped for supply and return. 



Radiator area 
square feet 


Tapping diameter 
inches 


— 40 
40 — 72 
72 and above. 


1 

1% 

1% 



*HoUand Heating Manual. 
f American IZadiator Co. 
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TABLE 34. 
Capactllca nf Hot Water MbIdb la Squbk Feet ol D 
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TABLE 31. 



Capacities of Hot Water Risers In Square Feet of Dtreet 

Radiation.* 

Drop In temperature 20°. 



D. of 

riser 

inches 


First 
floor 


Second 
floor 


Third 
floor 


Fourth 
floor 


Fifth 
floor 


Sixth 
floor 


3 


12 
22 
38 

GC 
140 
^0 
350 
510 
700 


17 
33 
56 

92 
196 
328 
490 
705 
980 


21 

40 
70 
112 
238 
40O 
595 
SCO 
1190 


24 

48 

80 

132 

280 

470 

700 

1010 

1280 










2 


88 
145 
310 
515 
770 
1110 
1540 








2}^ 
3 

4 




850 
1215 
1660 



A fimall pipe should never be run to a great height where It 
only supplies one radiator. It is better to have limits for pipes 
as follows: 



D. in inches: 

Height in feet:— 



20 
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30 


1% 
45 
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2 

80 



(Reduce size by 
floors.) 



TABLE 32. 



Capacities of Pipes in Square Feet of Direct Steam Radiatioii.t 
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^International Correspondence School. 
tKent'8 M. E. Pocket-Book. 
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TABLE 33. 
CapaciHec of But Walcr PIpn !■ 
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TABLE 38. 

ComparatlTe Slaea of Steam Matnii and Returns for Gravity 

and Vacuum SyNtenin. 



Size of 
supply 


Size of return 


Ske of 
supply 


Size of return 






pipe 


Gravity 


vacuum 
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Vacuum 
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Note.— For short runs of piping where the friction is not a serious 
matter the above table will work out satisfactorily. These sizes are 
only approximate and should be used with caution. 



TABliE 39. 
ESxpannlon Tanks — Dimensions and Capacities.* 



Size in Inches 


Capacity gallons 


Sq. ft. of radiation 


9x20 
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10x20 
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12 
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20 
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32 


1250 


16x48 


42 


1750 


18x60 


66 


2750 
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82 


4500 
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100 


6000 


24x60 


122 


7500 



*The Model Boiler Manual. 
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TABLE 40. 
SlHH ot Plused FltMBOk 
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TABLE 41, 
■> of EUIh HBd Teea tor IVronatU Iron Pipe. 
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DbWTsnu far Pipe S 

To Illustrate the use of the 
y to the pipe line, B, G. Art, 
= 8 Inches and 0=5 Icet 1 
■loclty line until It Intersects 
w the ordinate to the top ot \ 
■ad, la feet for 1000 foot run ■ 
n. Second, let tf = 1.75 cub: 



■ and PrlctloB Hendi. 



following diagrams, ap' 
. First, let I = 1600 feet, 
second. Trace along the 
e atameter line, then fol- 
page and And the friction 
19.5 feet lor thP lEOO foot 
jnd and d = 8 



(eel 



Trace to the left along the horizontal line represent- 
g the volume oC 1.75 cubic feet until It Intersects the 
ameter line, then read up and find the same friction head 
s before. Third, let the allowable friction head for 1500 
eet of main be 19 feet, when Q = I,7E cubic feet per second 
r when p = 6 fe*t per second. Reverse the process given 
ijove and find an S inch pipe. 



QNooag y^J iajjoiaao Ni [-o] Jbiv^tsiQ 7~Z? 




TABLE 43. 
rBtnrra tor TcatlUK Direct Steam Radiation I 
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this table are tor a plant deelened tor <>■ and 10* 
It Is d«'<Ir«l to test a plant deelgiied lor 5 pouods sf> 
' I the outside tempersture is 22 degrees. WbBt 
the rooms nitb steam at 8 pounds gtgf 
In he vertical column marked 5 pounde, Ibtt 
68,3 dcgreee may be expected on a zoo 
s 22 degrees above we must add 22 tlnw 
m king B total of sa.b degreeB, the tempera- 
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TABLE 45. 

Percentaare of Heat Transmitted by Various Plpe-Coverlngrs* 

From Tests Made at Sibley College, Cornell University, 

and at Mleblsan University.* 



Relative amount 
Kind of covering of heat 

transmitted 

Naked pipe 100. 

Two layers asbestos paper, 1 in. hair felt, and canvas 

cover 15.2 

Two. layers asbestos paper, 1 in. hair felt, canvas 

cover wrapped with manilla paper 15. 

Two layers asbestos paper, 1 In. hair felt 17. 

Hair felt sectional covering, asbestos lined 18.6 

One thickness asbestos board : 59.4 

Four thicknesses asbestos paper ^ 50.3 

Two layers asbestos paper 77.7 

Wool felt, asbestos lined 23.1 

Wool felt with air spaces, asbestos lined 19.7 

Wool felt, piaster paris lined 25.9 

Asibestos molded, mixed with plaster paris 31.8 

Asbestos felted, pure long fibre 20.1 

Asbestos and sponge 18.8 

Asbestos and wool felt 20.8 

Magnesia, molded, applied in plastic conditnon 22.4 

Magnesia, sectional 18.8 

Mineral wool, sectional 19.3 

Rock wool, fibrous 20.3 

Rock wool, felted 20.9 

Fossil meal, molded, % inch thick 29.7 

Pipe painted with black asphaltum 105.3 

Pipe painted with light drab lead paint 108.7 

Glossy white paint 95.0 

•Carpenter's H. and V. B. 

Note. — These tests agree remarkably well with a series 
made by Prof. M. E. Cooley of Michigan University, and also 
with some made by G. M. Brill, Syracuse, N. Y., and reported 

Jn Transactions of the American Society of Mechanical En- 

Srlneers. vol. XVI. 
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TABI.E 48. 
Fa«t«rii «t BvBporalloB. 
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TABLK il. 
Fee f>at. of Total Heat ot Steam Saved per Dcrree Ii 
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TABLE 49. 

Steam Coiummption of Vaiions Types of Non-Condenslngr 

Ensrlnes.* (Approximate). 

Pounds per Indicated horse-power hour. 



Horse- 
power 


Simple throt- 
tling 100 lbs. 
at throttle 


Simple auto- 
matic 100 lbs. 
initial 


Simple Corliss 
100 lbs. 
initial 


Simple four 
valve 100 
lbs. initial , 


Compound 
four valve | 
and Corliss 
100 lbs. 
initial 


Compound 
four valve 
and Corliss 
125 lbs. 
initial 


Compound 
four valve 
and Corliss 
150 lbs. 
initial 
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38.0 












50 


48 


38.0 


34.5 


35.0 








60 


47 


36.0 


32.5 


83.0 








70 


47 


35.0 


31.5 


32.0 








80 


46 


34.0 


30.5 


81.0 








90 


45 


33.0 


29.5 


30.0 








100 


45 


32.0 


28.5 


29.0 








150 


44 


31.5 


28.0 


28.5 


22.5-23 


21.5-22 


21-21.5 


200 


43 


30.5 


27.0 


27.5 


22-22.5 


21-21.5 


^0.5-21 


250 


43 


30.0 


26.5 


27.0 


22-22.5 


21-21.5 


20-20.5 


800 


42 


29.0 


25.5 


26.0 


22-22.5 


20.5-21 


20-20.5 


400 


41 


28.5 


25.0 


25.5 


21.5-22 


20-20.5 


19.5-20 


600 


41 


28.5 


25.0 


25.5 


20-21.5 


19.5-20 


19-19.5 



The foregoing table was compiled principally from the records of a 
large number of actual tests of engines of various makes, under reason- 
ably favorable conditions. It is based upon the actual weight of con- 
densed exhaust steam. 

*Atlas Engine Works Catalog. 
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TABLE BO. 
■■d Hone-Powers of "Green" 8tee 
■ at Vary Ins Preunrea.* 
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Speeda. Capaeltlea and Hnrav-roivrr 
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TABLE 53. 



F 



Names and proportions of ingredients 
in parts 



Redaction of 
temp. deg. F. 




Total 
Reduc- 
tion of 

temp. 
deg. P. 



Snow or pounded ioe 2; sodium chloride 1 

Snow 5; sodium chloride 2; ammonium chloride 1 
Snow 12; sodium chloride 5; anmionium nitrate 5 

Snow 8; calcium chloride 5 

Snow 2; sodium chloride 1 . 

Snow 3; dilute sulphuric acid 2 

Snow 3; hydrochloric acid 5 

Snow 7; dilute nitric acid 4 

Snow 3; potassium 4 

Ammonium chloride 5; potassium nitrate 5; 

water 16 

Ammonium nitrate 1; water l 

Ammonium chloride 5; potassium nitrate 5; 

sodium sulphate 8; water 16 

Sodium sulphate 5; diL sulphuric acid 4 

Sodium nitrate 3; dil. nitric acid 2 

Ammonium nitrate l; sodium carbonate 1; 

water 1 

Sodium sulphate 6; ammonium chloride 4; 

potassium nitrate 2; dil. nitric acid 4 

Sodium phosphate 9; dil. nitric acid 4 

Sodium sulphate 6; ammonium nitrate 5; 

dil. nitric acid 4 



+32 

+32 
+32 
+32 
+32 

+50 
+50 

+50 
+50 
+50 

+50 

+50 
+50 

+50 



— 5 
—12 
—25 
—10 

— 5 
—23 
—27 
—30 
—51 



+ 
+ 

+ 
+ 



4 
4 

4 
3 
3 



— 7 

—10 
—12 

—14 



72 



55 
59 
62 
83 

46 
46 

46 
47 
53 

57 

60 
62 

64 



TABLE 54. 
Properties of Saturated Aininoiila.t 



Temp, 
deg. P. 



Pressure 

absolute 

lbs. per 

sq. in. 



Heat of 
vaporization 



Vol. of 

vapor 

per lb. 

cu. ft. 



Vol. of 

liquid 
per lb. 
cu. ft. 



Wt. of 

vapor 
lbs. p€r 
cu. ft. 



—40 
—35 
—30 
—25 
—20 
—15 
—10 
— 5 
± 
+ 5 
+10 
+20 
+30 
+40 
+50 
+60 
+70 
+80 
-h90 
■flOO 



10.69 


579.67 


24.38 


.0234 


.0411 


12.31 


576.69 


21.21 


.0236 


.0471 


14.13 


573.69 


18.67 


.0237 


.0535 


16.17 


570.68 


16.42 


.0238 


.0609 


18.45 


567.67 


14.48 


.0240 


.0690 


20.99 


564.64 


12.81 


.0242 


.0775 


23.77 


561.61 


11.36 


.0243 


.0680 


27.57 


558.56 


9.89 


.0244 


.1011 


30.37 


555.50 


9.14 


.0246 


.1094 


34.17 


552.43 


8.04 


.0247 


.1243 


38.55 


549.35 


7.20 


.0249 


.1881 


47.95 


543.15 


5.82 


.0252 


.1721 


59.41 


536.92 


4.73 


.0254 


.2111 


73.00 


5.30.63 


3.88 


.0257 


.2577 


88.96 


524.30 


3.21 


.02601 


.3115 


107.00 


517.93 


2.67 


.0265 


.3745 


129.21 


511.52 


2.24 


.0268 


.4664 


154.11 


504.66 


1.89 


.0272 


.5291 


182.80 


498.11 


1.61 


.0274 


.6211 


2/5.14 


41U.50 


1.36 


.0279 


.7353 



'TayJer. Pocket Book of RetTigciaUoTi. 
/W^ood— Thermodynamics, Heat Motox^ «ca^ ^Rft\x\s,^x^\Nsi^ >L^!Ss!S!S&. 

^%0 



TABLE 55. 

Solubility of Ammonia in "Water at Different Temperatnrea 

and Preiwiireii. (Sirna).* 

1 lb. of water (also unit volume) absorbs the followlngr 

quantities of ammonia. 



Absolute 


32" 


P. 


68° F. 


104* 


P. 


212° 


P. 


pressure 


















in lbs. 


















per 

sq. in. 


LbB. 


Vols. 


Lbs. 


Vols. 


Lbs. 
0.338 


Vols. 
443 


Grms. 


Vols. 


14.67 


0.899 


1180 


0.518 


683 


0.074 


97 


15.44 


0.937 


1231 


0.535 


703 


0.349 


458 


0.078 


102 


16.41 


0.980 


1287 


0.556 


730 


0.363 


476 


0.083 


109 


17.37 


1.029 


1351 


0.574 


754 


0.378 


496 


0.088 


115 


18.34 


1.077 


1414 


0.504 


781 


0.391 


513 


0.092 


120 


19.30 


1.126 


1478 


0.613 


805 


0.404 


531 


0.096 


126 


20.27 


1.177 


1546 


0.632 


830 


0.414 


543 


0.101 


132 


21.23 


1.236 


1615 


0.651 


855 


0.425 


558 


0.106 


139 


22.19 


1.283 


1685 


0.669 


878 


0.434 


570 


0.110 


140 


23.16 


1.336 


1754 


0.685 


894 


0.445 


584 


0.115 


151 


24.13 


1.388 


1823 


0.704 


924 


0.454 


596 


0.120 


157 


25.09 


1.442 


1894 


0.722 


948 


0.463 


609 


0.125 


164 


26.06 


1.496 


1965 


0.741 


973 


0.472 


619 


0.130 


170 


27.02 


1.549 


2034 


0.761 


999 


0.479 


629 


0.135 


177 


27.99 


1.603 


2105 


0.780 


1023 


0.486 


638 






28.95 


1.656 


2175 


0.801 


1052 


0.493 


647 






30.88 


1.758 


2309 


0.842 


1106 


0.511 


671 






32.81 


1.861 


2444 


0.881 


1157 


0.530 


696 






34.74 


1.966 


2582 


0.919 


1207 


0.547 


718 






36.67 


2.070 


2718 


0.955 


1254 


0.565 


742 







TABLE 56. 
Strensrth of Ammonia Iilquor.* 



Degrees 


Specific 


Percent- . 


Degrees 


Specific 


Percent- 


Baume 


gravity 


age 


Baume 


gravity 


age 


10 


1.0000 


0.0 


20 


0.9333 


17.4 


11 


0.9929 


1.8 


21 


0.9271 


19.4 


12 


0.9859 


3.3 


22 


0.9210 


21.4 


13 


0.9790 


5.0 


23 


0.9150 


23.4 


14 


0.9722 


6.7 


24 


0.9090 


25.3 


15 


0.9655 


8.4 


25 


0.9032 


27.7 


16 


0.9589 


10.0 


26(a) 


0.8974 


30.1 


17 


0.9523 


11.9 


27 


0.8917 


32.5 


18 


0.9459 


13.7 


28 


0.8860 


35.2 


19 


0.9396 


15.5 


29 


0.8805 





Note. — Sp. gr. of pure anhydrous ammonia = .623 
(a) Known to the trade as "29V4 Per cent." 

•TsjJer- Pocket-Book of Refrigeration. 
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TABLiB 57. 
Properties of Saturated Snlplmr Dioxide. (liedoaz).* 



Temp, of 


Absolute 
pressure 


Total heat 


Latent heat 


Heat of 
liquid 
from 
32 deg. F. 


Density oi 


ebullition 


lbs. per 


from 


of Tapor- 


vapor 
wt. per 
eu. ft. 


deg. F. 


sq. In. 
P -r 144 


32 deg. F. 


ization 


—22 


5.56 


157.43 


176.99 


—19.56 


.076 


—13 


7.23 


158.64 


174.95 


—16.30 


.097 


— 4 


9.27 


159.84 


172.89 


—13.05 


.123 


5 


11.76 


161.03 


170.82 


— 9.79 


.153 


14 


14.74 


162.20 


168.73 


— 6.53 


.190 


23 


18.31 


163.36 


166.63 


— 3.27 


.232 


82 


22.53 


164.51 


164.51 


0.00 


.282 


41 


27.48 


165.65 


162.88 


3.27 


.340 


50 


83.25 


166.78 


160.23 


6.55 


.407 


69 


39.93 


167.90 


158.07 


9.83 


.483 


68 


47.61 


168.99 


155.89 


13.11 


.570 


77 


56.39 


170.09 


153.70 


16.89 


.669 


86 


66.36 


171.17 


151.49 


19.69 


.780 


95 


77.64 


172.24 


149.26 


22.98 


.906 


104 


90.31 


173.30 


147.02 


26.28 


1.0i6 



TABLE 58. 
Properties of Saturated Carbon Dloxlde.f 



Temp, of 


Absolute 


Total heat 


Latent heat 


Heat of 


Density oi 


ebullition 


pressure 


from 


of vapor- 


liquid from 


vapor or 


deg. F. 


in lbs. 


32 deg. F. 


ization 


32 deg. F. 


wt. per 
eu. ft. 




per sq. m. 








22 


210 


98.85 


136.15 


—37.80 


2.321 


—13 


249 


99.14 


131.65 


—32.51 


2.759 


— 4 


292 


99.88 


126.79 


—26.91 


3.265 


5 


842 


100.58 


121.50 


—20.92 


3.853 


14 


396 


101.21 


115.70 


—14.49 


4.535 


23 


457 


101.81 


109.37 


— 7.56 


5.331 


32 


525 


102.35 


102.35 


0.00 


6.265 


41 


599 


102.84 


94.52 


8.32 


7.374 


50 


680 


103.24 


85.64 


17.60 


8.708 


59 


768 


103.59 


75.37 


28.22 


10.356 


68 


864 


103.84 


62.98 


40.86 


12.480 


77 


968 


103.95 


46.89 


57.06 


15.475 


86 


1080 


103.72 


19.28 


84.44 


21.619 



♦Kent's M. E. Pocket-Book. 
tl. C. S. Pamphlet 1238 B. 
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TABLE 5d. 
*re««iireii and BoUtaiflr Points of Iilqvld« Avatlable for Use 

In Refriseratingr MacliineM.^ 



'emperature 




Pressure ol vapor 




f ebullition 


Pounds per square inch absolute 


deg. V. 


Sulphur 
dioxide 


Ammonia 


Carbon 
dioxide 


PIctet 
fluid 


—40 




10.22 






—31 




13.23 






—22 


5.56 


16.95 






»-13 


7.23 


21.51 


251.6 




— 4 


9.27 


27.04 


292.9 


13.5 


5 


11.76 


33.67 


340.1 


16.2 


14 


14.75 


41.58 


393.4 


19.3 


23 


18.31 


50.91 


453.4 


22.9 


32 


22.53 


61.85 


520.4 


26.9 


41 


27.48 


74.55 


594.8 


31.2 


50 


33.26 


89.21 


676.9 


36.2 


59 


39.93 


105.99 


766.9 


41.7 


68 


47.62 


125.08 


864.9 


48.1 


77 


56.39 


146.64 


971.1 


55.6 


86 


66.37 


170.83 


1085.6 


64.1 


95 


77.64 


197.83 


1237.9 


73.2 


104 


90.32 


227.76 


1338.2 


82.9 



TABLE 60. 
Table of Calcium Brine Solntion.t 



Deg. 
Baume 


Per cent, 
calcium 


Lbs. per 


Specific 


Specific 


Freezing 

point 
deg. F. 


Amm. 


eo deg. 
P. 


by 
weight 


cu. ft. 
solution 


gravity 


heat 


gage 

pressure 





0.000 


0.0 


1.000 


1.000 


32.00 


47.31 


2 


1.886 


2.5 


1.014 


.988 


30.33 


45.14 


4 


3.772 


5.0 


1.028 


.972 


28.58 


43.00 


6 


5.658 


7.5 


1.043 


.955 


27.05 


41.17 


8 


7.544 


10.0 


1.058 


.936 


25.52 


39.35 


10 


9.430 


12.5 


1.074 


.911 


22.80 


36.30 


12 


11.316 


15.0 


1.090 


.890 


19.70 


32.93 


14 


13.202 


17.5 


1.107 


.878 


16.61 


29.63 


16 


15.088 


20.0 


1.124 


.866 


13.67 


27.04 


1« 


16.974 


22.5 


1.142 


.854 


10.00 


23.85 


20 


18.860 


25.0 


1.160 


.844 


4.60 


19.43 


22 


20.746 


27.5 


1.179 


.834 


— 1.40 


14.70 


24 


22.632 


30.0 


1.198 


.817 


— 8.60 


9.96 


26 


24.518 


32.5 


1.218 


.799 


—17.10 


5.22 


28 


26.404 


35.0 


1.239 


.778 


—27.00 


.65 


30 


28.290 


37.5 


1.261 


.757 


—39.20 


8.5* vac. 


32 


30.176 


40.0 


1.283 




—54.40 


15" vac. 


34 


32.062 


42.5 


1.306 




—39.20 


4* vac. 



•Kent's M. E. Pocket-Book. 

tAm. Sch. of Cor. Dickerman-Boyer. 
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TABLE 61. 
Table of Salt Brine Solution.* 

(Sodium chloride). 



Degrees 

Salom- 

eter at 

60 deg. F. 


Percent, 
by wt. 
of salt 


Pounds 

of salt 

percu. ft. 


Specific 
gravity 


Specific 
beat 


Freezing 

point 
deg. F. 


Amm. 

gage 

pressure 





0.00 


0.000 


1.0000 


1.000 


32.0 


47.82 


5 


1.25 


0.785 


1.0090 


.990 


30.3 


45.10 


10 


2.50 


1.586 


1.0181 


.980 


28.6 


43.03 


15 


3.75 


2.401 


1.0271 


.970 


26.9 


41.00 


20 


5.00 


3.239 


1.0362 


.960 


25.2 


38.96 


25 


6.25 


4.099 


1.0455 


.943 


23.6 


37.19 


30 


7.50 


4.967 


1.0547 


.926 


22.0 


35.44 


35 


8.75 


5.834 


1.0640 


.909 


20.4 


33.69 


40 


10.00 


6.709 


1.0733 


.892 


18.7 


31.93 


45 


11.25 


7.622 


1.0828 


.883 


17.1 


ro.33 


50 


12.50 


8.542 


1.0923 


.874 


15.6 


28.73 


55 


13.75 


9.462 


1.1018 


.864 


13.9 


27.24 


60 


15.00 


10.389 


1.1114 


.855 


12.2 


25.76 


65 


16.25 


11.384 


1.1213 


.848 


10.7 


24.46 


70 


17.50 


12.387 


1.1312 


.842 


9.2 


23.16 


75 


18.75 


13.396 


1.1411 


.835 


7.7 


21.82 


80 


20.00 


14.421 


1.1511 


.829 


6.1 


20.43 


85 


21.25 


15.461 


1.1614 


.818 


4.6 


19.16 


90 


22.50 


16.508 


1.1717 


.806 


3.1 


18.20 


95 


23.75 


17.555 


1.1820 


.795 


1.6 


16.88 


100 


25.00 


IS. 610 


1.1923 


.783 


0.0 


15.67 



TABLE 62. 

Horae-Power Required to Produee One Ton of Refri8reratioB.t 

Condenser pressure and temperature. 
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e p 


P 
T 


103 


115 


127 


139 


153 


168 


184 


200 


218 


65 


70 


75 


80 


85 


90 


95 


100 


103 


•a 

S 4 


—20° 


1.0584 


1.1304 


1.2051 


1.2832 


1.3611 


1.4427 


1.5251 


1.6090 


1.6910 


* 6 


—15 


.9972 


1.0094 


1.1450 


1.2221 


1.3001 


1.4101 


1.4009 


1.5458 


1.6300 


i ^ 


—10 


.9026 


.9777 


1.0453 


1.1183 


1.1926 


1.2602 


1.3471 


1.4352 


l.fiOiJS 


§13 


— 5 


.8184 


.8833 


.9537 


1.0230 


1.0935 


1.1679 


1.2437 


1.3209 


1.3861 


P. 10 





.7352 


.8008 


.8648 


.9328 


1.0019 


1.0718 


1.1467 


1.2194 


1.2517 


M 20 


5 


.6665 


.7312 


.7946 


.8593 


.9278 


.9978 


1.0656 


1.1381 


1.2m 


2 24 


10 


.5915 


.6629 


.7257 


.7894 


.8545 


.9205 


.9911 


1.0595 


1.12W 


« 28 


15 


.5410 


.5998 


.6641 


.7276 


.7924 


.8553 


.9224 


.9943 


1.0608 


•C39 


20 


.4745 


.5340 


.5923 


.6716 


.7148 


.7796 


.8420 


.9031 


.97S8 


25 


.4103 


.4659 


.5227 


.5804 


.5992 


.7022 


.7667 


.8289 


.8822 


"2 45 


30 


.3509 


.4056 


.4612 


.5178 


.5755 


.6353 


.6944 


.7590 


.8173 


M 51 


35 


.3005 


.3546 


.4101 


.4666 


.5214 


.5804 


.6398 


.7000 


.7629 



Note.— The above figures are purely theoretical. In practice about 
30 per cent, must be added. 

Mm. Sch. of Cor. Diclcennan-'Bo'y w . 
fDe La Vergne Catalog. 
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APPENDIX III 
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The followtnK extract From tt aerlec of tests on a Nain- 
bbr 8-4g-T Ideal Sectional Boiler trom the reports at the 
American Radiator Company's Institute of Thermal Re- 
search, Buffalo, New York, will ha of intereet. 



0— roel used Id testi 

l-No. ol boiler 

2— Duration o( test Sours 8:00 

4— Fuel burned during test, lbs 1890.00 

B— Fuel per hour, lbs. ITO.OO 

8— Fuel per sq. it. grat* per hour, lbs 7. BO 

T— Stack temperature, deETces TahienheEt TGO.OO 

8— Evaporation per sq. It. ol bestlnic surfaee 

per hour, Ibe. 4.OT 

B— Evaporative power avallsbJe— lbs. of water 

pec lb. of coal 8.80 

10— Bolter-power (eraporation per hour)— lbs. 



B-4B-T S-IB-T 

7:00 8:(C 

1344.00 14St.W 

les.oo i7s.» 

B.sg eJ5 

72S.0O eoo-iB 



< Item 



11— Capacity— ( 

la— Capacity— ( 
Catalog rating 



,_.,S800.00 7840.00 7100.00 



m bust Ion cbut 
ame boiler. The tests were ruD to 
find the evaporatiae pomer and M- 
paeitt with varying amounta of 
coal burned per hour. Coal was 
tired at regular Intervals and tlu 
steam pressure was maintained it 
two pounds g-age on the radlatloi- 
Line 11 gives the capacity In 
square feet o( radiation IncludlnE 



.22 pound of steam per squs" 

foot per hour. Line 12 gives the 

capacity at .25 pound of steam per 

square foot per hour. In avec&E' 

service about one-third of these 

guantltlea of coal would be burned. The catalog rating U 

based upon burning 167.5 ^Qinfta ol loal per hour and »" 

evaporation of 8.B pounds ot "Balet ■»" *ii"an& o*. t&»>> (.titei | 

»f combustion and evaporaA-VoTi rtia-t letov ViW-WiaMit-i. k» 













;..™ / -48^7 












"""""■""'''"■"■'■("'" 



will be fleen from lines 5 and 9 the actual amount of coal 
burned and the actual evaporation in each test exceed this 
flgrure. Multiplyingr 167.5 by the assuoned evaporative rate 
of 8.5 and dividinsr by .25 = 5700 square feet. Gomparinff 
with column 2, line 6 times line 9 divided by .25 gives 6720 
square feet, which is above /the catalosr ratinsT* Test number 
two compared with test number one shows that by in- 
creaslnsr the amount of coal from 170 pounds to 192 pounds 
per hour increases tbe boiler capacity 740 square feet 
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INDEX 



Absolute pressure, 12 
temperature, 12 

Absorbers, 900 

Absorption system of refrigeration, 
294 
and compression system compared, 

302 
system condensers for, 299 
system, elevation of, 296 
system pumps for, 301 

Accelerated systems hot water, 95 

Adaptation of district steam to pri- 
vate plants, 267 

Advantages of vacuum systems, 142 

Air, amount to bum carbon, 35 
circulation furnace system, 53 
circulation within room, 76 
composition, 16 
duct, fresh, 59 

exhausted, actual from nozzle, 188 
exhausted per hour plenum system, 

170 
h. p. in moving, 192 
h. p. in moving, table, 186 
humidity of, 25 
leakage, heat loss by, 43 
moisture required by, 30 
needed plenum system, 172 
per person, table, 24 
required as heat carrier, 54 
temperature at register, 56 
valves, ll2 

velocities of Jn convection, 31 
velocities, measurement of, 32 
velocities, plenum system, table, 

172, 184 
required, ventilating purposes, 21 
washing and humidifying, 167 

Ammonia for one-ton refrig., 385 
solubility in water, 381 
strength of liquor, 381 

Anchors, types of, 221 

Anemometer, 32 

Appendix 
table 1 squares, cubes, etc., 328 
table 2 trigonometric functions, 

334 
table 3 equivalents of units, 334 
table 4 properties of steam, 335 
table 5 Naperian logarithms, 338 
table 6 water conversion factors, 

338 
table 7 volume and wt. of dry air, 

339 
table 8 weight of pure water, 340 
table 9 boiling points of water, 

342 
table 10 weight of water in air, 342 
table 11 relative humidities, 343 



table 12 properties of air, 344 
table 13 dew points of air, 345 
table 14 fuel values Am. coals, 848 
table 15 cap. of chinmeys, 349 
table 16 equalization of smoke 

flues, 350 
table 17 dimensions of reg., 350 
tables 18, 20 cap. of fur., 351, 352 
table 19 cap. pipes and reg., 351 
table 21 area vertical flues, 352 
table 22 sheet metal dim., 353 
table 23 weight of 6. I. pipe, 354 
table 24 sp. ht., etc., of substances, 

355 
tables 25, 26 water pressures, 856 
table 27 wrought iron pipes, 351 
table 28 expansion of pipes, 358 
table 29 tapping list of rad., 358 
table 30 pipe equalization, 859 
table 31 cap. hot water risers, 300 
table 32 cap. steam pipes, 300 
table 33 cap. hot water pipes, 861 
table 34 cap. hot water mains, S61 
tables 85, 36 sizes of steam mains, 

362, 363 
table 37 friction in pipes, 364 
table 38 grav. and vac. returns, 865 
table 39 expansion tanks, 365 
table 40 sizes of flanged fittings, 

366 
table 41 pipe fittings, 366 
table 42 friction in air pipes, 867 
table 43 temp, for testing steam 

plants, 370 
table 44 spec, for boilers, 371 
table 45 heat trans, through pipe 

covering, 372 
table 46 factors of evap., 373 
table 47 heat in feed water, 378 
table 48 sizes of Vento heater, 874 
table 49 steam used by engines, 875 
tables 50, 51, 52 speeds, cap. and 

h. p. of various fans, 876, 

378 
table 53 freezing mixtures, 380 
table 54 properties of anunonia, 

380 
table 55 sol. of ammonia in water, 

381 
table 56 strength of ammonia 

liquor, 381 
table 57 prop, of sulphur dioxide, 

382 
table 58 prop, of carbon dioxide, 

382 
table 50 boiling pts. of liquids, 383 
table 60 calcium brine sol., 383 
table 61 salt brine sol.^ 384 
ta\A« ^ \iat«fe-^aHi«t \six x^ves^k.^^ftK 
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INDEX 



table 63 ammonia for one- ton 

relrig., 385 
table 64 refrigeration caps., 385 
table 65 cost of ice making, 386 
table 66 temperature of ammonia, 

387 
table 67 hydrometer scales, 388 
table 68 time to freeze ice, 380 
table 69 sizes of ice cans, 389 
table 70 temp, for cold storage, 388 

Application of formula in furnace 
heating, 62 
of plenum system, 200 

Area of ducts, plenum system, 172 
of chimney determination of, 35 
of grate, 59 

Arrangement of Vento heaters, 161 
of coils, plenum system, 160 

Automatic vacuum system, 149 
valves, 149 

Basement plans plenum system, 203 
Belvac thermoflers, 148 
Blowers and fans, speeds of, table, 
197 

work, Carpenter's rules, 194 
Boilers, 251 

feed pumps, 249 

capacity and number of, 255 

radiation supplied by, 252 

plant capacity of, 255 

steam, 106 

tests of, 392 
Boiling point of water, table, 342 
Boiling points of liquids, 883 
Brine cooling system, cap. of, 315 
British thermal unit, 10 
B. t. u. lost in plenum system, 176 
Building materials, conductivities of, 
40 

Calcium brine solution, 383 
Calculating chimney areas, 35 

heat loss, 45-46 
Calorie, 10 

Carbon amount of air to burn, 35 
dioxide, 18 

dioxide per cent., table, 19 
dioxide tests for, 19 
Carpenter's practical rules, 194 
Oast radiators, 103 

surfaces, plenum system, 161 
Centrifugal pumps, 247 
Check valve, 111 

Chimney area, determination of, 35 
Chimneys, 36 

capacity of, table, 349 
Circulating system for refrigerating, 
302 
duct in furnace design, 72 
water to condense steam, 237 
CJassWcation ot radiators, 104 
Ooa], fuel values of, table, 348 
Oofls, arrangement of in pipe heatw 
180 



arrangement of Vento In stacks, 
182 

heat transmission through, 174 

heat transmission through Vento, 
table, 177 

sq. ft. for cooling, 311 

surface, plenum system, 173 

temp, leaving Vento, table, 180 
Cold air system of refrigeration, 284 
Combination systems, 110 

heaters, 70 
Comparison of furnace and other 

systems, 51 
Composition of air, 16 
Compression and absorption system 
compared, 302 

systems, condensers for, 289 

system of refrigeration, 286 
Condensation, dripping from mains, 
267 

return to boilers, 133 
Condenser, concentric tube, 289 

enclosed, 290 

for compression systems, 289 

submerged, 290 

for exhaust steam, 238 

heating surface In, 239 
Conduction, 14 

of building material, table of, 40 
Conduits, district heating, 212 
Convection, 15 

Conversion factors for water, 338 
Coolers for weak liquor, 301 
Cost of heating from central sta- 
tion, 258 

of ice making, 316, 386 

Data for estimate, 394 
Data, table for plenum system, 202 
Design, hot water and steam, 114 
Determination of pipe sizes, 121 
Dew point, influence of on refrigti^ 

tlon, 305 
Dew points of air, 345 
Direct radiation, tapping list, table. 

358 
Dirt strainer, Webster, 147 
District heating 
adaptation to private plants, S67 
amount of radiation supplied by 
one horse-power exhaust steam, 
237 
amount of radiation supplied, Va 
amount of radiation supplied by 

reheater, 241 
application to typical design, 268 
boiler feed pumps, 249 
boilers, 251 
by steam, 264 

capacity of boiler plant, 255 
e«itt\toL^«.l pumps, 247 
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conduits, 212 

cost of heating, 258 

cost, summary of tests, 200 

design for consideration, 222 

dripping condensation from mains, 

267 
diameter of mains, 265 
economizer, 258 
exhaust steam available, 223 
future increase, 231 
general application of design, 268 
heat available in exhaust steam, 

225 
heating by steam, 264 
heating surface in reheater, 239 
high pressure steam heater, 244 
hot water systems, 229 
important reheater details, 242 
layout for conduit mains, 218 
power plant layout, 259 
pressure drop in mains, 231, 265 
radiation hi district, 231 
radiation supplied by 1 h. p. of ex. 

St., 237 
radiation supplied by economizer, 

253 
radiation supplied per boiler h. p., 

252 
references on district heating, 270 
regulation, 263 
reheater details, 242 
reheater for circulating water, 238 
reheater tube surface, 241 
scope of work, 209 
service connections, 235 
steam available for heating, 236 
systems classified, 229 
typical design, 222 
velocity of water in mahis, 234 
water per hour, as heating medium, 

230 
water to condense one pound of 

steam, 237 
Division of coils, plenum sys., 162 
Ducts, furnace, cold air, 59 
plenum system, 165-166 
recirculating, 72 

Eeonomizers, 253 

radiation supplied by, 253 

surface, 255 
Efficiency of plenum coils, table, 175 
Eleetrical heating, 279 

formulas used in, 279 

future of, 282 

references, 282 
Electric pumps, 137 
Engine, size of, 197 
Equivalents of units, 334 
Evaporators for refrig., 292 
Exchangers, 301 

Bxtaust steam available in district 
plants, 223 
Exhaust steam condenser, 238 



Expansion Joints, 218 

tanks, 113, 365 
Exposure heat losses, table, 43 

Factors of evaporation, 373 
Factor table, velocity and vol., 188 
Fans and blowers, 155 

drives, 195 

housings, 157 

power of engine for, 197 

size of parts, 195 

speed of, 196 
Fire places, stoves, etc., 153 
Fittings, steam and hot water, lio, 

3(56 
Floor plans for furnace heating, 

64-68 
Floor plans for plenum sys., 203-206 
Formulas, empirical for radiation, 

117 
Freezing mixtures, 380 
Fresh air duct, 59-71 
Fresh air entrance to bldgs., 159 
Friction diagrams, 368, 369 

in pipes, 364 

of air in pipes, 367 
Fuel values of Am. coals, table, 348 
Furnace, 

air circulation within room, 76 

foundations, 71 

heating, 51 

location, 71 

selection, 67 
Furnace system, air circulation, 53 

air required as heat carrier, 54 

circulating duct in, 72 

design of, 62 

essentials of, 52 

fan in, 77 

fresh air duct in, 71 

grate area in, 59 

gross register area in, 57 

heat stacks, sizes of, 57 

heating surface in, 61 

leader pipes in, 59, 73 

net vent register in, 56 

plans for, 64 

points to be calculated in, 53 

registers, temperatures In, 56 

stacks or risers in, 74 

three methods of Installation, 55 

vent stacks, 76 

Gage pressure, 12 

Gallon degree calculation, 315 

Gate valve. 111 

Generators, 298 

Globe valve. 111 

Grate area, bottstft wvW^a'aX.^t'e.^ ^^a^ 

Grate area iox tv«Ti»i<i«&,^ 

Greenliouse Yift«A\ui&, "V"V% 
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Heat given off by persons, lights, 
etc., 49 

latent, 13 

measurement of, 10 

mechanical equivalent of, 13 

stacks, sizes of, 57, 74 
Heaters, hot water, 106 
Heating, district, cost of, 258 
Heating surface in coils, plenum sys- 
tem, 159 

Heating sur., in economizer, 254 

in furnace system, 61 

in reheater, 239 

per h. p. in reheater, 241 
Heat loss, 43, 44, 45, 46 

calculation of, 45 

calculation for refrig., 306 

chart, 81 

combined, 47 

for a 10 room house, table, 63 
High pressure heater, 244 
High pressure steam trap, 134 
Horse-power, in moving air, 192 

of engine for fan, 197 

required to move air in plenum sys- 
tem, 193 
Hot air pipes, cap. of, table, 351 

water heaters, 106 

water pipes, capacity of, table, 361 

water radiators, 106 

water risers, cap. of, table, 360 

water system, 85 

water used in indirect coils in ple- 
num system, 183 
Hot water and steam heating, 

accelerated systems, 95 

calculation of rad. sur. for, 114 

classifications, 87 

connection to radiators, 124 

determination of pipe sizes, 121 

diagrams for, 91 

empirical formula for, 117 

expansion tank for, 113 

for district heating, 229 

fittings, 110 • 

grate area for heaters, 123 

greenhouse radiation, 118 

layout, 128 

location of radiators for, 124 

parts of, 85 

pitch of mains for, 124 

principles of design of, 114 

second classification of, 88 

suggestions for operating, 187 

temperature, table, 120 
Humidity of the air, 25 
Humidities, relative, table, 343 
Hydrometric scales, 388 
Hj^rodeik, 27 
Hygrometer, 26 
Hygrometric chart, 29 

Ice making, 
capacity, calculation, 314 
costs of, 316 



Indirect radiators, 88 

Insulation of steam pipes, 131, 300 

'K* values for pipe colls, table, 174 
*K' values for Vento colls, 177 

Latent heat, 13- 

Layout for furnace system, 64 

for hot water heating plant, 128 

for plenum system, 163 

of power plant, 250 

main and riser, 131 

steam mains and conduits, 218 
Leader pipes, 58 
Location of furnaces, 71 

of radiators, 124 
Low pressure steam traps, 133 

Main and riser layout, 131 
Mains, cap. of hot water, table, 361 

condensation, dripping from, 267 

diameter of, 234 

pitch of, 124 

pressure drop and diam. of, 265 

v^odty of water in, 234 
Manholes, 222 
Measurement of air velocities, 32 

of heat, 10 

of high temperatures, 11 
Mechanical equivalent of heat, IS 
Mechanical vacuum steam htg. ays., 

advantages of, 142 

automatic pump for, 144 

automatic system, 149 

Dunham system, 150 

Paul system, 160 

principal features of, 143 

Van Auken, 148 

Webster system, 145 
Mechanical warm air heating aoa 
ventilathig sys., 153, 169, 184 

blowers and fans for, 155 

definitions of terms, 169 

elements of, 153 

exhaust, 164 

heat loss and cu. ft. air exhausted, 
170 

theoretical considerations for, IW 

variations in design of, 154 
Mills system (attic main), 90, 93 
Modulation valve lor Webster sys- 
tem, 147 
Moisture, addition of, to air, 90 

with air, 25 

Naperian logarithms, table, 388 
Nitrogen, 17 
*n,' values of, 47 

Operation of furnaces, 78 
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Packless Talves, 112 
Paul sys. of mech. vac. heating, 150 
typical piping connections for, 150 
Pipe coll radiators, 104 
capacity of, in sq. ft. of steam 

radiation, 360 
equalization, table of, 359 
for refrigeration, 294 
line refrigeration, 306 
sizes, determination of, 121 
Pipe, leader, 58 

Piping connection around heater and 
engine, 200 
connections for auto. vac. sys., 149 
connections for Paul sys., 151 
for heating sys. definitions, 86 
system for automatic control of 
Webster system, 147 
Pitot tubes, 33 
Plans and speci. for htg. sys., 318 

typical specifications, 319 
Plenum system, actual amount of 
air exhausted in, 188 
air needed cu. ft. per hour in, 172 
air velocity , table, 186 
air velocity theoretical in, 184 
air washing and humidifying, 167 
amount of steam condensed, 183 
application of to school bldgs., 200 
approximate rules for, 178 
approximate sizes of fan wheels, 

table, 195 
arrangement of coils in pipe heat- 
ers, 180 
arrangement of sees, and stacks in 

Vento heaters, 182 
basement plans for, 203 
blower fans, actual h. p. to move 

air, 193 
Carpenter's rules for, 194 
cast surface for, 161 
coil surface in, 173 
cross sectional area ducts, regis- 
ters, etc., 172 
data, table, 202 
division of coil surface in, 162 
double ducts in, 166 
dry steam needed in excess of exh. 

from engine, 183 
efficiency and air temp., table, 175 
factors for change of velocity and 

volume, table, 188 
fan drives for, 195 
final air temperature in, 179 
floor plans for, 203-205 
heating surface in coils of, 173 
heating surfaces, 159 
h. p. of engine for fan for, 192 
h. p. to move air, table, 186 
•K,' values of, 174 
layout, 163, 164 
piping connections around heater 

and engine, 200 
pressure and velocity, results of 
tests of, 189 



single duct in, 165 

speed of blower fans, table, 197 

speed of fans for, 196 

temp, of air at register in, 171 

temp, of air leaving coils, 180 

total B. t. u. transmitted per hr.» 
table, 170 

use of hot water in indirect coils, 
183 

values of *c,* 176 

values of 'K,' 174 

velocity of air escaping to atmos- 
phere, table, 187 

work done in moving air, 192 
Power plant layout, 259 
Pressed steel radiators, 103 
Pressure, absolute, 12 

and velocity, results of tests, 189 

gage, 12 

in ounces per sq. in., table, 356 

water in mains, 231 
Principal features of mechanical vac- 
uum heating system, 143 
Properties of air, table, 344 

of ammonia, table, .380 

of carbon dioxide, table, 382 

of steam, table, 335 

of sulphur dioxide, table, 382 
Psychometric chart, 345 
Pumps, boiler feed, 249 

centrifugal, 247 

circulating, 244 

city water supply, 249 

electric, 137 

for absorption system, 301 

for mech. vac. steam heating, 144 

Radiation, 14 

amount of, one sq. ft. reheater 
tube surface will supply, 241 

amt. supplied by economizer, 253 

amt. supplied by one h. p., 252 

hot water, 106 

one lb. exh. steam will supply, 237 

supplied by 1 h. p. exh. steam, 237 

sur. to heat circulating water, 254 

surface to heat feed water, 255 
Radiators, amt. of surface on, 106 

cast, 103 

classification of, 104 

columns of, 104 

direct, 87 

direct-indirect, 87 

height of, 106 

indirect, 88 

location and connection of, 124 

pipe coil, 104 

pressed steel, 103 

sizes, etc., for ten room house, 
table, 127 

sizes, table of, 106 

steam, 106 

surface c«Acm\%X\oii lot, wv 
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Recirculating duct, 72 
Rectifiers, 296 
References, 

district heating, 270 

electrical heating, 282 

furnace heating, 84 

heat loss, 50 

hot water and steam heating, 139 

plenum heating, 206 

vacuum heating, 152 

ventilation and air supply, 38 

refrigeration, 318 
Refrigeration, 

absorbers, 300 

absorption and compression sys- 
tems compared, 302 

absorption system, 294 

absorption system, elevation of, 
296 

capacity of brine cooled system, 
315 

capacities, table, 385 

circulating system, 302 

classification of systems, 283 

coils, sq. ft. cooling, 311 

cold air system, 284 

compression system, 286 

condenser, 289 

coolers for weak liquor, 301 

costs of ice making, 316 

evaporators, 292 

exchangers, 301 

gallon degree calculation, 315 

general application, 313 

generators, 298 

horse-power for, 384 

heat loss, 306 

ice making cap. calculation, 314 

influence of dew point, 305 

methods of maintaining low temp., 
303 

pipe line, 306 

pipes, valves and fittings, 294 

pump for absorption system, 301 

rectifiers, 298 

vacuum system, 284 
Register, area of, 56 

dimensions of, table, 350 

ducts, area of, 172 

sizes, net heat, 56 

temperature, 56 
Regulation, district heating, 263 

Sylphon damper, 273 
Room temperature, standard, 47 

Salt brine solution, 384 
Service connections, 235 
Sheet metal dimensions, 353 
Single duct, plenum system, 165 
Sizes ot tan wheels, approximate, 
table, 195 
Sizes ot ice cans, 389 
smoke flues, equalization of, 350 
SpecWcations for plans, 319 
for boilers, 371 



Specific heat, 13 

heats, etc., of substances, 355 
Speeds of blower fans, 196 
Squares, cubes, etc., table, 328 
Stacks and risers, 74 
Standard room temperature, 47 
Steam and hot water fittings, 110 

available for heating circulating 
water, 237 

boilers, 106 

condensed per sq. ft. of heating 
sur. per hour, plenum sys., 183 

dry, needed in excess of engine ex- 
haust, 183 

heater, high pressure, 244 

heating, district, 264 

loop, 135 

mains, diameter of, 865, 362 

pipe fittings, 366 

pipe insulation, 131 

radiators, 106 

traps, high pressure, 134 

used by engines, 375 
Steam system, 85 

amt. condensed in plenum sys., 183 

classification, 87 

diagrams for, 01 

parts of, 86 

seccmd classification of, 88 
Street mains and conduits, layout, 

218 
Suggestions for operating furnaces, 
78 

hot water heaters and boflers, VH 
Sylphon damper regulator, 273 

Table 1 determhiatlon of 00s, 81 

Tables II, III volume of air per per- 
son, 23, 24 

Table lY conductivities of materials, 
40 

Table y exposure losses, 44 

Table VI values of t', 48 

Table YII values of to, 49 

Table VIII heat given off by per- 
sons, lights, etc., 49 

Table IX application to 19 room 
res., 63 

Table X size and sur. of rads., 106 

Table XI temp, of water in mains, 
120 

Table XII summary, h. w. htg., 127 

Table XIII vel. i n plenum sys., 172 

Tables XIV-XVII efficiencies of coils, 
175, 177 

Tables XVIII-XIX temp, of air on 
leaving coils, 179, 180 

Tables XX-XXII air pressure and 
velocity. 186, 188 

Table XXTII sizes of fans, 195 

T«\A« 'K&W speeds of fans, 197 
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. TablS SI properties of eulpliur diox- 
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Table SS projMTtles ol carbon diox- 
ide, 38£ 
Table fO boiling points o( Itqiildi, 383 
Table to Qslclum brine solution, 383 
Table 61 selt hriae solnllon, -.'SA 
Table as hur'r-powcr for [clUg., 334 
Table 63 animonifl lor ont-ton re- 

(rlf., 38S 
Table 64 relilgeratlon Fiipi>., 38S 
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Table 66 temperature at ammoDla, 
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Important points In, 21 
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: water pipes, 361 
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Table 33 cap. of b> 

Table 34 cap. of bL. . 

Table* 3S, 36 Bizes of steam mains, ses 
Table ST trlctloa Id pjpes, 364 
Table 33 gra?. and vat rptuma, 365 
Table 39 expansion taniia, ^u 
Table 40 elEcs of flanged SttlngE, 306 
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thermostatic, 146 

types of, 111 
Velocity of air by application heat, 
31 

of air escaping to atmosphere, 187 
Vent registers (net), 57 

stacks, 58 
Ventilation heat loss, 44 

air required per person, 21 
Vento coils, values of 'k' for, 177 
Vento heater sizes, 374 
Vertical hot air flues, table, 352 
Volume and wt. of dry air, table, 330 

Warm air fur., cap. of, table, 351 

air heating cap., 352 
Washing and humidifying of air, 167 



Water, conversion factors, table, 338 

hammer, 133 

needed per hour in dist. htg., 230 

pressure in mains, 231 

pressure, table of, 234 

seal motor, Webster, 145 

weight of column corresponding to 
air pressure in ozs., 356 

weight of pure, table, 340 

weight of water and air, table, 342 
Webster system of vac. heating, 145 
Weight of pure water, 340 * 
Weight of 6. I. pipe, 354 

of water and air, table, 342 
Work done in moving air, 192 
Wrought iron and steel pipes, table, 
357 

expansion of, table, 356 
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